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a b s t r a c t
The purpose of  t h i s  study was to i n v e s t i g a t e  the e f f e c t s  of 
body weight  v a r i a t i o n s  on h e a r t  r a t e  dur i ng  e x e r c i s e  and recovery  
pe r i ods ,
The sub jec ts  u t i l i z e d  in the study were t wenty -seven  maIe  
students  from L ou i s i a n a  S t a t e  U n i v e r s i t y  a t  A l e x a n d r i a ,  L o u i s i a n a .
The data were c o l l e c t e d  dur ing November and December of  1970 and 
January of  197 I -
The study was d i v i d e d  i n t o  an e x e r c i s e  and a recovery  p e r i o d .  
The e x e r c i s e  p e r i o d  c o n s i s t e d  of  s t epp i ng  up and down onto a s t ep  
bench u n t i l  a h e a r t  r a t e  of  180 beats per  minute was r e g i s t e r e d  on a 
c a r d i o t a c h o m e t e r . The r ecovery  p e r i o d  was of  ten minutes d u r a t i o n  
and began immediate ly  a f t e r  the e x e r c i s e  p e r i o d  ended.  The h e a r t  r a t e  
was recorded a t  the end of  each minute .
The study was a l s o  d i v i d e d  i n t o  f i v e  c o n d i t i o n s  based on 
v a r i a t i o n s  of  body w e i g h t .  Each s u b j e c t  p a r t i c i p a t e d  in both the 
e x e r c i s e  and the r ecovery  per iods  under each o f  the f i v e  c o n d i t i o n s .  
The c o n d i t i o n s  were:
1. Normal body we ight  minus 3 pe r ce nt
2.  Norma) body weight  minus 1.5 per cent
3.  Normal body weight
*+. Normal body w e i gh t  plus 1 .5  p er ce nt
5 .  Normal body weight  p lus  3 per cent
The normal body weight  o f  the s ub j e c t  was es tabl  ished ovet a 
two-week p e r i o d  p r io r  to p a r t i c i p a  I i o n  in the s tudy .  The body weight  
was decreased by means of  p a r t i a l  deh ydr a t ion  brought  about  by 
exposure to a dry heat  room or sauna.  The body weight  was i ncreased  
by the a d d i t i o n  of  lead weights  to a b e l t  around the waisL of  the 
s u b j e c t .
Each s u b j e c t  p a r t i c i p a t e d  on a l t e r n a t e  days in order  to d e t e r  
one c o n d i t i o n  from i n f l u e n c i n g  the succeeding c o n d i t i o n .
A n a l y s i s  of  v a r i a n c e  in a random ized b lock  des ign was u t i l i z e d  
to examine the e f f e c t s  of  body we ight  v a r i a t i o n s  on the e x e r c i s e  t i mt- 
be f or e  the onset  of  f a t i g u e .  Orthogonal  comparisons were computed to 
f u r t h e r  a n a ly ze  the d a t a .
A second a n a l y s i s  o f  v a r i a n c e  in 5 x 10 s p l i t - p l o t  design  
was computed to examine the e f f e c t s  of  body weight  v a r i a t i o n s  on 
recovery  hea r t  r a t e  p a t t e r n s .  Orthogonal  comparisons were computed 
to f u r t h e r  ana lyz e  the d a t a .
The f i n d i n g s  of  t h i s  study were:
1 . The t ime needed to produce a h e a r t  r a t e  of  180 beats per  
minute decreased as the body weight  increased from normal  
weight  minus 3 p e rc e n t  to normal weight  plus 3 percenL.
The t rend  was p r i m a r i l y  l i n e a r  w i t h  some d e v i a t i o n s  from 
l i n e a r i t y  around the c o n d i t i o n  o f  norma) body w e i g h t .
2,  The mean pulse  r a t e  dur ing recovery  from the s t andard
e x e r c i s e  decreased as the we i gh t  o f  the s ub j e c t  increased
between the l i m i t s  o f  norma) we i gh t  minus 3 p e r c en t  to  
normal we ight  p lus  3 p e r c e n t .  The t r end  was l i n e a r  in 
n a t u r e .
3 .  No s i g n i f i c a n t  i n t e r a c t i o n  was found to e x i s t  between the  
body we ight  c o n d i t i o n  and the recov er y  h e a r t  r a t e  p a t t e r n .
k . The mean pulse r a t e  dur ing r ecovery  decreased as the
recovery  p e r i o d  progressed from minute one to  minute ten .
The t r end  was p r i m a r i l y  l i n e a r  w i t h  some d e v i a t i o n s  from 
l i n e a r i t y .  This t r end  e x i s t e d  r e g a r d l e s s  of  the body 
wei gh t  c o n d i t i o n .
W i t h i n  the l i m i t s  o f  t h i s  s t u dy ,  the f o l l o w i n g  conc lus ions  
were drawn:
1. Weight  loss induced by p a r t i a l  d e h y dr a t i o n  in amounts o f
3 pe r ce nt  or  l ess o f  normal body we i gh t  is an advantage in
a c t i v i t i e s  i n v o l v i n g  c a r d i o r e s p i r a t o r y  endurance .
2.  A d d i t i o n a l  body we i gh t  in amounts of  up to 3 p e r c en t  o f  
normal body we ight  is a d i sadvant age  in a c t i v i t i e s  
i n v o l v i n g  c a r d i o r e s p i r a t o r y  endurance.
3 .  P a r t i a l  d e h y d r a t i o n  in amounts of  3 pe r ce nt  or  l ess of
normal body weight  has no e f f e c t  on the p a t t e r n  o f  recovery
h e a r t  r a t e .
k . A d d i t i o n a l  body we i gh t  in amounts o f  up to  3 p e r c en t  o f
normal body we ight  has no e f f e c t  on the p a t t e r n  o f  recovery
h e a r t  r a t e .
chapter  I
INTRODUCTION
Body weight  is an area o f  concern which has a t t r a c t e d  
c o n s id e ra b le  a t t e n t i o n  from many a u t h o r i t i e s .  This top ic  has been 
the focal  p o in t  f o r  a wide v a r i e t y  of  a r t i c l e s ,  conferences ,  and 
research s t u d i e s .  Not only a re  physica l  educators concerned w i th  
body weight  and i t s  e f f e c t  on the performance of  humans, but doc tors ,  
coaches and the genera l  p u b l ic  a ls o  demonstrate  a growing i n t e r e s t  in 
th i s subjec t ,
L i t e r a t u r e  which examines the e f f e c t s  of  body w e ight  on 
o v e r a l l  h e a l t h  and lo n g e v i ty  is common today. The e f f e c t s  of  body 
weight  on phys ica l  performance have a ls o  been examined by numerous 
a u t h o r i t i e s .  The e f f e c t s  o f  s h o r t - t e r m  weight  losses and /o r  weight  
gains on p h y s io lo g ic a l  responses have not been w e l l  researched.
Due to r u l e  i n t e r p r e t a t i o n  in many a t h l e t i c  con tes ts  rap id  
w eight  loss is almost a p r e r e q u i s i t e  to  successful p a r t i c i p a t i o n  in 
these e v e n ts .  A c t i v i t i e s  such as w r e s t l i n g ,  ju d o ,  boxing and w e ight  
l i f t i n g  o f t e n  r e q u i r e  an In d iv id u a l  to  lose weight  r a p i d l y  in o rder  
to  be e l i g i b l e  f o r  c e r t a i n  weight  c la s s e s .  In  o th e r  a t h l e t i c  
contes ts  the added weight  o f  p r o t e c t i v e  equipment or  o f  equipment  
e s s e n t ia l  to  p a r t i c i p a t i o n  may produce some e f f e c t s  on the performance  
o f  the c o n t e s t a n t .
The p rodu ct ion  o f  s h o r t - t e r m  w e ight  loss in a t h l e t e s  is not  a
1
2new idea .  For years var ious  p u b l i c a t io n s  have o f f e r e d  a v a r i e t y  of  
methods designed to  produce weight  losses over a short  t ime p e r io d .
The f a c t  t h a t  many d i f f e r e n t  methods can produce a rap id  weight  loss is 
well  e s t a b l i s h e d .  The most commonly accepted method of  producing a 
s h o r t - t e r m  weight  loss is d e h y d ra t io n .  Methods used to  induce a 
dehydrated s t a t e  a r e :  (1 )  c u r t a i l m e n t  o f  water  In ta k e ,  (2) e x e r c is e  
under c o n d i t io n s  conducive to profuse p e r s p i r a t i o n ,  (3) exposure to a 
dry heat room, and (U) combinations o f  the preceding methods.
Many s tu d ies  have been pub l ished  which In d ic a te d  th a t  
p h y s io lo g ic a l  responses were not adverse ly  a f f e c t e d  by s h o r t - te r m  
w eight  losses .  Other  authors have concluded t h a t  s h o r t - t e r m  weight  
losses a re  d e t r im e n ta l  to p h y s io lo g ic a l  performance p a r t i c u l a r l y  I f  
the w e ight  loss is above app ro x im ate ly  5 percent  o f  the normal body 
we i g h t .
The reason most o f t e n  c i t e d  fo r  the d e t r im e n ta l  e f f e c t s  o f
d eh yd ra t io n  is the loss o f  v i t a l  body s a l t s  brought  about by excessive
p e r s p i r a t i o n .  According to  some sources* a d is tu rbance  in water
balance (excessive  p e r s p i r a t i o n )  is u s u a l l y  accompanied by a change in
the balance of  sodium, potassium, and c h l o r i d e  in the body. Unless 
these elements are  r e p la c e d ,  heat  cramps an d /o r  hea t  exhaust ion  may 
r e s u 1t .
The concern w i th  t o t a l  w e ig h t  o f  a t h l e t e s  has been e q u a l l y  
e v id e n t  in the area  o f  p r o t e c t i v e  or necessary sp o r t  equipment a l s o .
Man. Sweat and Performance (R u th e r fo rd ,  New Jersey:  Becton,  
Dick inson and Company, I 969). P. 15.
Fo o tb a l l  and ice hockey p r o t e c t i v e  equipment as w e l l  as shoes, helmets ,
and s i m i l a r  equipment necessary in o th e r  sports  has been l ig h te n e d
d r a s t i c a l l y  through the y e a r s .  Concern w i th  both s h o r t - t e r m  w eight  
gains  and s h o r t - t e r m  w eight  losses is c l e a r l y  e v i d e n t .  T h e r e fo r e ,  the  
v a r i a t i o n  of  the t o t a l  w e ig h t  o f  the In d iv id u a l  and the e f f e c t s  o f  
t h i s  v a r i a t i o n  on phys ica l  performance may be considered important  in 
many a c t i v i t i e s .  Because o f  t h i s  i n t e r e s t ,  th e re  e x i s t s  a need fo r  
research in  the a re a  o f  s h o r t - t e r m  w e ight  gains and tosses .  This
research is p a r t i c u l a r l y  needed in o rd er  to  determ ine  what e f f e c t s ,  i f
any, the v a r i a t i o n  o f  w e ight  has on p h y s io lo g ic a l  responses dur ing  
p r a c t i c a l  sp o r t  s i t u a t i o n s .
STATEMENT OF THE PROBLEM
Does v a r i a t i o n  o f  body w e ight  by means o f  thermal d e h ydra t ion  
and mechanical ( p h y s i c a l )  a d d i t i o n  a f f e c t  the h e a r t  r a te  o f  an i n d i v i ­
dual during s tandard  e x e r c is e  and recovery  per iods?
PURPOSE OF THE STUDY
The purpose o f  the study was to  determine the e f f e c t s  o f  the 
re d u c t io n  o f  body w e ight  by means o f  thermal d eh yd ra t io n  in  amounts o f  
percent  and 3 p e rce n t  o f  t o t a l  body w e ig h t  on h e a r t  r a t e  dur ing  
e x e r c is e  and recovery p e r io d s .  A second purpose was to  determine the  
e f f e c t s  o f  the phys ica l  a d d i t i o n  o f  lead weights  equal to  l £  percent  
and 3 percent  o f  t o t a l  body w e ight  on h e a r t  r a t e  dur ing e x e r c is e  and 
recovery  p e r io d s .
NEED FOR TI!E STUDY
The sub jec t  o f  body w e ight  v a r i a t i o n s  has a t t r a c t e d  co n s id e rab le  
i n t e r e s t  in the past  few y e a r s .  New d i e t  methods, the sauna (both the 
dry heat  chamber and the " b e l t "  or  " s u i t "  t y p e s ) ,  and new e x e rc is e  
programs a l l  o f f e r  the p u b l ic  a means o f  reducing the body w e ig h t .
Most o f  these methods o f f e r  c la ims of  rap id  weight  loss w i t h  r e s u l t i n g  
improvement in phys ica l  performance and physica l  appearance.  The 
p u b l ic  i n t e r e s t  has led to  a wide v a r i e t y  o f  s c i e n t i f i c  s tu d ies  which  
examine the e f f e c t s  o f  body w e ight  v a r i a t i o n s  on the p h y s io lo g ic a l  
responses o f  the body.
Most authors were in agreement t h a t  there  e x i s t s  an inverse  
r e l a t i o n s h i p  between the amount o f  w e ight  added to  the body and the 
performance on phys ica l  tasks .  The authors o f  s tu d ies  which examined 
the e f f e c t s  of  s h o r t - t e r m  w e ight  losses ( u s u a l ly  induced by p a r t i a l  
d eh ydra t ion  brought about by exposure to  the sauna and /or  c u r t a i lm e n t  
o f  w ate r  i n t a k e )  showed less agreement .
Some s tud ies  o f  s h o r t - t e r m  weight  loss re v e a le d  no s i g n i f i ­
cant  changes in performance measures (muscular s t r e n g t h ,  r e a c t io n  
t ime,  muscular endurance, and c i r c u l o r e s p i r a t o r y  en d urance ) .  Other  
authors have o f f e r e d  r e s u l t s  which showed th a t  a r e d u c t io n  o f  body 
w e ig h t ,  p a r t i c u l a r l y  by means o f  p a r t i a l  d e h y d ra t io n ,  was d e t r im e n ta l  
to  p h y s io lo g ic a l  per formance .  U s u a l ly  these e f f e c t s  became apparent  
only a f t e r  a c e r t a i n  percentage  o f  weight  had been l o s t .  The
5a u t h o r i t i e s  d isagree d  on e x a c t l y  what percentage of body weight  must 
be tos t  b e fo r e  the d e l e t e r i o u s  e f f e c t s  appeared.
A t h i r d  group o f  authors o f f e r e d  f in d in g s  o f  s i g n i f i c a n t  
improvements in p h y s io lo g ic a l  performance a f t e r  s h o r t - t e r m  weight  
tosses induced by p a r t i a l  d e h y d r a t io n .  Q u i te  o f te n  the authors  
rep o r te d  the e x is t e n c e  o f  these improvements a t  the same l e v e l s  t h a t  
o th er  au thors  found a decrease in performance.
In  view o f  the i n t e r e s t  e x h i b i t e d  in body weight  v a r i a t i o n s  
and the lack  o f  agreement p resen t  in the l i t e r a t u r e  which r e l a t e d  to  
s h o r t - t e r m  w eight  losses ,  i t  was f e l t  t h a t  a need e x i s t e d  fo r  a study  
which would examine body w e ight  v a r i a t i o n s  in both p o s i t i v e  and 
n eg a t iv e  d i r e c t i o n s .  The m a j o r i t y  o f  the s tud ies  reviewed e i t h e r  
examined w e ig h t  gains or w e ight  lo s s e s .  R a re ly  were v a r i a t i o n s  in 
both d i r e c t i o n s  s tu d ie d  a t  the same time and under the same se t  o f  con-  
d i t i ons.
DELIMITATIONS OF THE STUDY
The study was l i m i t e d  to  the e f f e c t s  o f  weight  r e d u c t io n  by 
means o f  thermal d eh yd ra t io n  and the e f f e c t s  o f  weight  increase due to  
the phy s ic a l  a d d i t i o n  o f  lead w e ig h ts .  The study Invo lved  only one 
type o f  e x e r c is e  (s tepp ing  up and down from the f l o o r  to  a twenty inch 
high ben ch . )  The su b je c ts  s e le c t e d  f o r  the study were twenty-seven  
mature males taken from the bas ic  phy s ic a l  educat ion  program a t  
Lou is ian a  S t a t e  U n i v e r s i t y  a t  A l e x a n d r ia .
6DEF OF TERMS
Therma1 Dehydra t i  on , A w e ight  loss induced by exposure to  
high temperature  (190-195  degrees F a h re n h e i t )  in a c losed chamber 
c o n ta in in g  dry (approx im ate ly  10 percent  r e l a t i v e  h u m id i ty )  a i r .
Sauna B a th . A c losed  chamber c o n ta in in g  dry (approx im ate ly  
10 p ercen t  r e l a t i v e  h u m id i ty )  a i r  a t  a temperature o f  1 9 0  to  1 9 5  
deg rees Fahrenhe i t .
S h o r t - t e r m  Weight Loss. A weight  loss due to  d e h ydra t ion  
which is completed in c t ime p e r io d  o f  less than two hours .
Normal Body W e ig h t . The average body weight  e s t a b l i s h e d  over  
a two-week p e r io d  o f  d a i l y  weight  checks.
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CHAPTER I I
REVIEW OF RELATED LITERATURE
To a id  in p re s e n t in g  the rev iew ,  th is  chap te r  was d iv id e d  in to  
two major  a r e a s .  These were:  ( I )  L i t e r a t u r e  r e l a t e d  to  the e f f e c t s  of 
weight  v a r i a t i o n s  on phys ica l  performance and (2 )  L i t e r a t u r e  r e l a t e d  
to  the e f f e c t s  o f  hea t  and d eh ydra t ion  on phys ica l  performance.
LITERATURE RELATED TO THE EFFECTS OF WEIGHT 
VARIATIONS ON PHYSICAL PERFORMANCE
The e f f e c t s  o f  weight  and w e ight  v a r i a t i o n s  on physical  p e r ­
formance were a major concern in t h i s  s tudy .  Several authors have 
s ta te d  t h a t  w e ight  is a f a c t o r  in many areas o f  physica l  performance.  
Morehouse and M i l l e r '  s t a t e d  th a t  maximum s k i l l  achieved by an i n d i v i ­
dual is l i m i t e d  by f i v e  f a c t o r s .  These fa c to r s  were: (1) body w e ight;
(2) body h e ig h t ;  (3) t im in g ;  (4)  accuracy of  movement; and ^5) muscular  
t e n s io n .  The e f f e c t  o f  body weight  on s k i l l  was o u t l in e d  as the  
h e a v ie r  the weight  o f  a person in r e l a t i o n  to  h is  m usculature ,  the 
g r e a t e r  the l i m i t a t i o n  of h is  physica l  s k i l l .  A reduc t ion  o f  i n a c t i v e  
t is s u e  w i l l  a id  in  improving performance o f  a s k i l l  e x e r c is e ,  accord­
ing to  the a u th o r s .
' Lawrence E.  Morehouse and Augustus T .  M i l l e r ,  Physio logy o f  
E x e rc is e  ^ t h  e d , ;  S t .  Lou is :  C. V. Mosby Company, 19&7) . p .  **V.
7
8Riendeau and o t h e r s L rep o r te d  s i m i l a r  conclus ions in a study 
designed to  determ ine  the e f f e c t s  o f  body f a t  on motor f i t n e s s  t e s t  
scores .  The t e s t  b a t t e r y  c o n s is te d  o f  the 75 yard  dash, the 220 yard  
dash, push ups, s i t - u p s ,  squat  t h r u s t s ,  and the standing broad jump.
I t  was found tha t  the s k i l l s  most a f f e c t e d  by f a t  were those in v o lv in g  
h o r i z o n t a l  movement o f  the body \ i . e .  the s tand ing  broad jump and the 
75 and 220 yard  dashes. S i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n s  were 
o b ta in ed  between performance on the t e s t  b a t t e r y  and percent  of  body 
f a t .  The c o r r e l a t i o n  o f  w e ig h t ,  w i th o u t  regard  to  body f a t ,  to  speed 
in the 220 yard  dash was s i g n i f i c a n t  and n e g a t iv e .
K lo tz ^  ana lyzed  v e r t i c a l  jump h e ig h t  as a f f e c t e d  by v a r i a t i o n s  
in w e ight  and s t r e n g t h .  The au thor  concluded t h a t  v e r t i c a l  jump 
h e ig h t  was an Inverse  l i n e a r  f u n c t io n  o f  the lo a d .  K l o t z  used lead  
weights  f o r  p o s i t i v e  loads and c o i l  spr ings designed to  e x e r t  an 
u ward p u l l  on the s u b je c t  fo r  n e g a t iv e  loads.
The increase in w e ig h t  brought  about  a decrease in v e r t i c a l  
jump h e ig h t  of  a p p ro x im ate ly  I percent  f o r  each p ercen t  t h a t  the t o t a l  
body w e ig h t  was increased by the w e ight  j a c k e t .  The decrease in 
weight  by the n e g a t iv e  loads increased the h e ig h t  o f  the v e r t i c a l  jump 
in s i m i l a r  p r o p o r t io n s ,
2
R. P. Riendeau and o t h e r s ,  "The R e la t i o n s h i p  o f  Body Fat  to  
Motor F i tn e s s  Test  S c o r e s ."  The Research Q u a r t e r l y . XXIX (May, 195 8 ) ,  
2 0 0 -2 0 3 .
^Donald D. K l o t z ,  "A Mechanical A n a ly s is  o f  the V e r t i c a l  Jump 
as A f f e c t e d  by V a r i a t io n s  In  Weight and S t r e n g t h "  (unpubl ished D o c to r 's  
d i s s e r t a t i o n ,  S t a t e  U n i v e r s i t y  o f  Iowa, 19^8) .
9
it
C a r t e r  conducted a study o f  the r e l a t i o n s h i p  o f  p o s i t i v e  and 
neg a t ive  loads to v e r t i c a l  jump performance.  The loads used by C a r t e r  
were designed much the same way as those used by K lo tz  and his  con c lu ­
sions suppor ted those of  K l o t z .
McCloy and Young"* rep o r te d  the f in d in g s  o f  C a r t e r  and K lo t z  
but commented th a t  the r e l a t i o n s h i p  expressed In  the s tu d ie s  would not  
n e c e s s a r i l y  remain the same i f  ac tua l  body w e ight  had v a r i e d .  The 
authors f e l t  th is  change would be due to  the increased s t re n g th  
developed during the p e r io d  o f  w e ight  g a i n .  They f e l t ,  however,  tha t  
i f  an overweight  person decreased h is  w e ig h t ,  he would a l s o  increase  
the h e ig h t  o f  h is  jump p r o p o r t i o n a t e l y .
E c k e r t^  a t tem pted  to  determine the e f f e c t  o f  added weights  on 
the a c t i o n  o f  c e r t a i n  j o i n t s  dur ing the v e r t i c a l  jump. The weights  
used were ze ro ,  s i x ,  tw e lve ,  and e ig h te e n  pounds and were a t ta ch ed  
around the s u b j e c t ' s  w a i s t .  Cinematographic records of  the four  jumps 
were examined in  o rder  to determine what changes, i f  any, in t ime o f  
a c t i o n ,  ang u la r  v e l o c i t y  and range o f  mot ion occurred as the weight  
increased .  The au thor  noted t h a t  decreases in maximal angu la r
It
F ranc is  H. C a r t e r ,  MA Mechanical A n a ly s is  o f  the R e la t io n s h ip s  
of P o s i t i v e  and N e g a t iv e  Loads to  Performance in  the V e r t i c a l  Jump" 
(unpubl ished M a s te r 's  t h e s i s ,  S ta te  U n i v e r s i t y  o f  Iowa, August,  19 ^ 5 ) .
^Charles  H. McCloy and Norma 0 .  Young, Tests and Measurement  
in H e a l th  and Phys ica l  Educat ion  (3d e d , ;  New York: A p p le to n -C e n tu ry -  
C r o f t s ,  I n c . ,  195*0 , P. 70.
^Helen M. E c k e r t ,  'T h e  E f f e c t  o f  Added Weights on J o in t  
Act ions  in the V e r t i c a l  Jump,11 The Research Q u a r t e r l y . XXXIX (December,  
1 9 68 ) ,  9*t3“ 9**7.
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v e l o c i t y  and increases in range of motion and t ime of  the j o i n t
a c t io n s  o f  the h ip ,  knee, and ank le  occurred w i th  in c reas in g  amounts
o f  w e ig h t .  The v e l o c i t y  over t ime r a t i o  a t  the h ip  and knee j o i n t s
decreased w i th  in creas ing  amounts o f  w e ig h t .
W e igh t ,  in  r e l a t i o n  to  s t r e n g t h ,  has a ls o  been the s u b je c t  o f
severa l  i n v e s t i g a t i o n s .  Morehouse and M i l l e r ^  noted t h a t  in  g e n e r a l ,
the l i g h t e r  man is s t ro n g e r  In p r o p o r t io n  to h is  body w e ight  than the
h e a v ie r  man. The authors  proposed a concept o f  s t r e n g th  per  pound o f
body w e ight  as being more meaningful  than t h a t  o f  t o t a l  s t r e n g t h .
g
Morehouse and Rasch rep o r te d  t h a t  a study of weight  l i f t e r s
in d ic a t e d  t h a t  g e n e r a l l y  the s m a l le r ,  l i g h t e r  man was as strong or
s t ronger  in p r o p o r t io n  to  h is  body w e ight  than was the h e a v ie r  man.
g
Karpovich rep o r te d  t h a t  in exam ina t ion  o f  weight  l i f t e r s  i t  
was found th a t  when ab s o lu te  s t re n g th  o f  muscles was compared w i t h  
body w e ight  the r e l a t i v e  fo rc e  is g r e a t e r  in l i g h t e r  men than in 
h e a v ie r  men.
Keeney*^ conducted a study designed to  t e s t  the v a l i d i t y  of  
the observa t ions  which had been made on s t r e n g th  per  pound o f  body
7
Morehouse and M i l l e r ,  op. c i t . ,  p .  55 .
g
Lawrence E.  Morehouse and P. J .  Rasch, Sports Medic ine  fo r  
T ra i  ners ( P h i l a d e lp h ia ;  W. B. Saunders Co . ,  1 9 6 3) *' " p 16.
g
P. V. Karpovich and Wayne E, S in n in g ,  PhysIo loqy o f  Muscular  
A c t i v i t v  (7 th  e d . ;  P h i l a d e l p h i a :  W. B. Saunders Co . ,  1971 ) ,  p.  23.
* ° C l i f f o r d  E .  Keeney, 'H e I  a t  Ionsh ip  of  Body Weight to  S t reng th  
Body Weight R a t i o  in Championship W e i g h t ) I f t e r s The Research  
q u a r t e r l y . XXVI (March, 1 9 5 5 ) ,  5**.
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w e ig h t .  The author  used weight  l i f t e r s  o f  championship c a l i b e r  as 
sub jec ts  in the s tudy .  Keeney found the l i f t e r s  in  the l i g h t e r  w e ight  
classes to  be s t ronger  in p r o p o r t io n  to body s i z e  than those in the 
h ea v ie r  c l a s s e s .  The r e l a t i o n s h i p  was l i n e a r  in  na ture  fo r  sub jec ts  
between 1 3 2  and 1 9 8  pounds.
LITERATURE RELATED TO THE EFFECTS OF HEAT AND 
DEHYDRATION ON STRENGTH AND PERFORMANCE
The researchers  in t h is  area  o f te n  d i f f e r e d  q u i t e  markedly In
t h e i r  f in d in g s  and co n c lu s io n s .  G ro s e ' '  rep o r te d  th a t  the i n i t i a l
s t r e n g t h  o f  a loca l  muscle group d id  not change s i g n i f i c a n t l y  a f t e r
immersion in w ate r  o f  118.*+ degrees Fah re nhe i t  fo r  e i g h t  m inutes .
Grose f u r t h e r  concluded th a t  the immersion in hot w ate r  d id  increase the
r a t e  o f  f a t i g u e  o f  the muscle group s i g n i f i c a n t l y .  He used the muscles
invo lved  in  elbow f l e x i o n  in h is  s tudy .
1 2W el ls  s tu d ie d  the e f f e c t  of  e x t e r n a l  tem perature  changes on
I 3
performance on the T u t t l e  P u ls e - R a t l o  T e s t .  I t  was concluded t h a t  
phys ica l  e f f i c i e n c y  as measured by t h i s  t e s t  was not  a f f e c t e d  by 
showers v a r y in g  in  temperature  from 65 to  105 degrees F a h re n h e i t .
At l e a s t  th re e  i n v e s t i g a t o r s  have found s i g n i f i c a n t  changes in
' ' j o e t  E. Grose, laDepression o f  Muscle Fa t ig u e  Curves by Heat  
and C o ld , *> The Research Q u a r t e r l y , XXIX (ftarch, 195 8 ) ,  1*^31 .
I 2George W e l ls ,  "The E f f e c t  o f  E x te rn a l  Temperature Changes on 
Blood P ressure ,  Physical  E f f i c i e n c y ,  R e s p i r a t i o n ,  and Body Tem pera tu re ,"  
The Research Q u a r t e r l y , IV (March, 1933 ) ,  162 -172 .
I 3W. W. T u t t l e ,  "The Use o f  the P u ls e - R a t i o  Test  f o r  Rat ing  
Physica l  E f f i c i e n c y , "  The Research Q u a r t e r l y . I I  (May, 19 3 1 ) ,  5“ 1 7.
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I 1*performance as a r e s u l t  o f  the e f f e c t s  o f  h e a t .  C a r l i l e  in v e s t ig a te d  
the e f f e c t  o f  a p r e l im i n a r y  passive warm-up (by means o f  an e ig h t  minute  
shower o f  105 degrees F a h re n h e i t )  on swimming per formance .  The au thor  
concluded t h a t  the pass ive  warm-up s i g n i f i c a n t l y  improved the speed of  
swimmers in the 220 yard swim.
Wright*"* made a study o f  the f a c t o r s  in f lu e n c in g  v a r i a t i o n s  in 
g r i p  s t r e n g t h .  The author  found th a t  a p o s i t i v e  c o r r e l a t i o n  e x i s t e d  
between g r i p  s t r e n g th  and body tem pera ture .  Immersion in hot w ate r  
u n t i l  a 2 degree F ah re n h e i t  r i s e  in body temperature  was recorded  
caused a s i g n i f i c a n t  increase in  g r i p  s t r e n g t h .  At tempts  to  r a i s e  the  
body temperature  s t i l l  h ig h er  decreased the g r i p  s t r e n g th  o f  the 
sub jec ts  .
Neuberger*^  examined the changes which occur in  body s ta tu s  and 
phys ica l  performances t h a t  take p lace  f o l lo w in g  a twenty minute f u l l -  
body w h ir lp o o l  bath a t  105 degrees F a h r e n h e i t .  The au thor  tes ted  the 
s i x t e e n  s u b jec ts  on a t e s t  b a t t e r y  o f  e le v e n  d i f f e r e n t  i tems be fore  
and a f t e r  the b a th .  Neuberger concluded t h a t  leg s t r e n g t h ,  speed o f  
movement and r e a c t i o n  t ime were s i g n i f i c a n t l y  improved fo l lo w in g  the
1UForbes C a r l i l e ,  " E f f e c t  o f  P r e l i m i n a r y  Passive Warming on 
Swimming Per fo rm anc e ,"  The Research Q u a r t e r l y , XXVI I  (May, 1956) ,  l**3*
151 .
* ^Verna W r ig h t ,  "F ac to rs  I n f lu e n c in g  D iu rn a l  V a r i a t i o n  o f  
S tre n g th  o f  G r i p . "  The Research Q u a r t e r l y , XXX (March, 1959 ) ,  i i * * .
16Thomas E.  Meuberger,  ' t f f e c t  o f  a W hir lpoo l  Bath Upon 
Physica l  S ta tus  and Per fo rm anc e ."  The Research Q u a r t e r l y . XXXIX 
(O c to b e r , I 9 6 8 ) ,  8 1 2 -8 1^ .
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w h ir lp o o l  b a i h .  Body weight  was a ls o  s i g n i f i c a n t l y  reduced as a re s u l t  
of the b a th .
I nves t l g a t  ions o f  the p h y s io lo g ic a l  e f f e c t s  o f  s h o r t - t e r m
w eight  loss caused p a r t l y  or w ho l ly  by thermal dehydra t ion  have
r e s u l t e d  in d i f f e r i n g  c o n c lu s io n s .  Several  s tu d ie s  have reve a le d  no
d e l e t e r io u s  e f f e c t s  on p h y s io lo g ic a l  responses to  work loads .  Both 
17 18Jones and N icho ls  rep o r te d  no d e le t e r io u s  e f f e c t s  on a v a r i e t y  of
physica l  tasks when groups of  w r e s t l e r s  were sub jec ted  to  the usual
ra p id  weight  red u c t io n  methods o f  h e a t ,  hard e x e r c is e ,  and c u r t a i lm e n t
of  w a te r  and food i n ta k e .
I 9Byram found th a t  body weight  red u c t io n  up to  a mean of  11.0^+
percent  o f  t o t a l  body weight  had no d e t r im e n ta l  e f f e c t s  on measures of
muscular s t r e n g t h ,  muscular  endurance,  or  the c i r c u 1o r e s p i r a t o r y
endurance o f  v a r s i t y  w r e s t l e r s .  The r e d u c t io n  in body weight  was
brought about  by means o f  e x e r c is e  and c u r t a i lm e n t  o f  w a te r  In ta k e .
20T u t t l e  s tu d ie d  the e f f e c t s  o f  rap id  w e ig h t  loss on the
1 7Byran D. Jones, "The E f f e c t  o f  Weight Reduct ion on the  
Physical  C o n d i t io n  o f  High School W r e s t l e r s , "  (unpubl ished M as te r 's  
t h e s is ,  S t a t e  U n iv e r s i t y  o f  Iowa, 1960) .
I o
Haro ld  J .  N ic h o ls ,  'T h e  E f f e c t  of  Rapid Weight Loss on 
S e le c te d  P h y s io lo g ic  Responses o f  W r e s t l e r s , "  (unpubl ished D o c to r 's  
d i s s e r t a t i o n .  U n i v e r s i t y  o f  M ich igan ,  1956) .
1 9Howard M ar ian  Byram, ' E f f e c t s  o f  Weight Reduct ion on S t reng th  
and on Muscular  E n durance ,"  (unpubl ished M a s te r 's  t h e s i s ,  S ta te  
U n i v e r s i t y  o f  Iowa, 1 9 5 3 ) .
20W. W. T u t t l e ,  'The E f f e c t  o f  Weight Loss by Dehydrat ion  and 
the W ith h o ld in g  of  Food on the P h y s io lo g ic  Responses o f  W r e s t l e r s , "
The Research Q u a r t e r l y , XIV (M*y> 19^ 3 ) ,  158 -166 .
1<4
p h y s io lo g ic a l  responses of a group of  t h i r t e e n  w r e s t l e r s .  The losses  
in body weight  were accomplished by means o f  thermal d eh yd ra t io n ,  
e x e r c is e ,  and r e d u c t io n  o f  food and water  i n t a k e .  The author  
concluded th a t  t o t a l  body s t r e n g th  as determined by a s t re n g th  index  
was not s i g n i f i c a n t l y  a f f e c t e d  by w e ight  losses of up to  5 percent  of  
the t o t a l  Dody w e ig h t .  The r e a c t i o n  t ime o f  the sub jec ts  showed no
s i g n i f i c a n t  change as a r e s u l t  o f  the re d u c t io n  in w e ig h t .
21Kuntzleman s tu d ie d  the e f f e c t s  of  d i e t  r e s t r i c t i o n  and p a r t i a l  
d eh yd ra t io n  on neuromuscular and c a r d io v a s c u la r  performances.  Twenty-  
f i v e  c o l l e g e  males were sub jec ted  to  a v igorous c o n d i t io n in g  program.
The twelve best c o n d i t io n ed  were chosen to p a r t i c i p a t e  in the study and 
were d iv id e d  i n t o  four  groups.  The groups were:
A.  Normal d i e t .
8 .  1200 c a l o r i e  bas ic  food d i e t  w i th  a twelve ounce w ater  
1 imi t a t i o n ,
C. 1200 c a l o r i e  l i q u i d  food d i e t  w i t h  a twelve ounce w ater  
1i mi t a t  i o n .
D. Contro l -norm al  d i e t  and normal w ate r  i n ta k e .
Each o f  the th ree  exp er im enta l  groups were su b jec ted  to  each 
of the th ree  d i e t s  fo r  one week. The su b je c ts  were t r a in e d  f o r  one 
week and were te s te d  on measures o f  c a r d i o - v a s c u la r  endurance, r e a c t i o n
2 1Char les  T. Kuntzleman,  ' E f f e c t s  o f  1 2 0 0 -C a lo r ie  D ie ts  and 
P a r t i a l  D ehydra t ion  on S e le c te d  Neuromuscular and C a rd io v ascu la r  
Performances o f  Wei 1-Condi11oned C o l le g e  H en ,11 Proceedings Annual 
H e et l  ng, Nat ional Col lege Phys 1 cat Educat ion Associ a t  ion f o r  Hen (69th  
e d . ,  M inn eapo l is :  N a t io n a l  Co l lege  Physical  Educat ion A s s o c ia t io n  for  
Men, 1966 ) ,  122 -126 .
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t ime,  g r i p  s t r e n g t h ,  leg s t r e n g t h ,  arm s t r e n g t h ,  and t o t a l  body movement 
t i me.
The au thor  concluded th a t  a 1200 c a l o r i e  d i e t  w i th  w ate r  
r e s t r i c t i o n  does not a d v e rs e ly  a f f e c t  the neuromuscular and c a r d i o ­
va s c u la r  performances o f  w e l I - c o n d i t i o n e d  men. The sub jec ts  cont inued  
to  improve t h e i r  le v e l  o f  f i t n e s s  dur ing the t r a i n i n g  program. The d i e t  
and w ater  r e s t r i c t i o n s  were s u f f i c i e n t  to  cause a s i g n i f i c a n t  decrease  
in body w e ig h t .
22Doscher repor ted  no s i g n i f i c a n t  d i f f e r e n c e  on four measures 
o f  phys ica l  p r o f i c i e n c y  (ch ins ,  d ip s ,  squat t h r u s t s ,  and the standing  
broad jump) be fore  and a f t e r  rap id  weight  re d u c t io n  by means of  c u r t a i l ­
ment o f  food and w ater  i n ta k e .  One hundred and ten c o l l e g e  s tudents  were
used as sub jec ts  in h is  s tudy ,
23S inger  and Weiss examined the p r a c t i c e  o f  w e ight  r e d u c t io n  in 
w r e s t l i n g  and i t s  e f f e c t  on var ious p h y s io lo g ic a l  responses o f  the 
w r e s t l e r s .  The purpose o f  t h is  study was to  add to the knowledge in the 
are a  o f  ra p id  weight  red u c t io n  and i t s  e f f e c t  on s e le c t e d  an th ro p o m e tr ic ,  
p h y s ic a l ,  and performance measures.
The sub jec ts  l o s t  weight  f o r  f i v e  consecut ive  days by means of 
c u r t a i l e d  food and w ater  in ta k e ,  thermal d e h y d ra t io n ,  and e x e r c i s e .
22 Nathan Doscher, "The E f f e c t s  o f  Rapid Weight Loss upon the 
Performance o f  W re s t le rs  and Boxers, and Upon the Physical  P r o f i c ie n c y  
of C o l le g e  S t u d e n t s . ** The Research Q u a r t e r l y . XV (December, 1 9 ^ ) ,  
3 I7 - 3 2 U .
23Robert  N. S inger  and Steven A.  Weiss,  " E f f e c t s  of  Weight  
Reduct ion on S e le c te d  A n throp om etr ic ,  P h y s ic a l ,  and Performance  
Measures o f  W r e s t l e r s , "  The Research f t u e i c e r l y , XXXIX (May, 19 6 8 ) ,  361-  
369.
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Each s u b je c t  was te s t e d  every  day on a t o t a l  o f  e ig h te e n  a n th ropo m e tr ic ,  
physica l  and performance measures. Total  w e ight  losses during the 
p e r io d  ranged from 6  percent  to  9  percent  o f  body w e ig h t .
The authors  concluded th a t  a w r e s t l e r  may lose up to  7 p ercen t  
o f  h is  body w e ight  w i th o u t  a d v e rs e ly  a f f e c t i n g  the a n th ro p o m e tr ic ,  
phys ica l  and performance measures which were under s tudy .  Response
times were found to  be s i g n i f i c a n t l y  f a s t e r  a t  reduced w e ight  l e v e l s .
2*4Schuster  examined the ac tua l  w r e s t l i n g  performance and 
endurance o f  c o l l e g e  age males sub jec ted  to  weight  re d u c t io n  by means 
o f  r e s t r i c t e d  food and w ater  in ta k e ,  thermal d e h y d ra t io n ,  and e x e r c i s e .  
He found no s i g n i f i c a n t  d i f f e r e n c e s  in the w r e s t l i n g  and endurance  
performance o f  w r e s t l e r s  who had reduced t h e i r  body weight  by 7
percent  in  a seven day p e r i o d .
25Crowder examined the e f f e c t s  o f  exposure to a ho t  environment  
on c a r d io v a s c u 1ar  e f f i c i e n c y .  The au thor  d iv id e d  his  sub jec ts  in to  
four  groups f o r  the purposes o f  h is  s tu d y .  One group, which served as 
a c o n t r o l ,  engaged in no formal program. The second group t r a in e d  by 
running fo r  f i f t e e n  minutes each day. The t h i r d  group t r a in e d  by 
s i t t i n g  in a sauna f o r  s i x t e e n  minutes each day .  The l a s t  group 
t r a in e d  by running f o r  f i f t e e n  minutes fo l lo w e d  by a s i x t e e n  minute
2*4Abraham S chuster ,  "The E f f e c t s  of  Rapid Weight Reduct ion on 
the Endurance and Performance o f  W r e s t l e r s , "  (unpubl ished H e s te r 's  
th e s i s ,  Pennsylvan ia  S t a t e  U n i v e r s i t y ,  1 9 5 *4) .
25 Vernon R. Crowder,  *!A Study to  Determine the E f f e c t s  o f  the  
Sauna Bath on C a rd io v a s c u la r  E f f i c i e n c y , "  (unpubl ished D o c to r 's  
d i s s e r t a t i o n ,  Lou is ian a  S ta te  U n i v e r s i t y ,  Hay, 19& 9 ) .
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sauna.  The sub jec ts  were tes ted  by means of Lhc Harvard Step Test both  
before  and a f t e r  the s ix -w ee k  t r a i n i n g  p e r io d .  The author  concluded  
th a t  runn ing ,  sauna, and running plus sauna w i l l  r e s u l t  in a s i g n i f i ­
cant improvement in c a r d io v a s c u la r  e f f i c i e n c y .  There was no s i g n i f i ­
cant  d i f f e r e n c e  between the exper im enta l  groups in the improvement of  
c a r d io v a s c u la r  e f f i c i e n c y .
26H i e t t i n e n  and Karv inen  in v e s t i g a t e d  the e f f e c t s  o f  physica l  
performance and h e a r t  ra te  response to  work o f  a d u l t  males a f t e r  a 
sauna ba th .  The sub jec ts  were exposed to the sauna fo r  one hour a t  a 
temperature o f  a p p ro x im ate ly  187 degrees Fah re nhe i t  a t  7 :00  p.m. At  
8 : 0 0  the fo l lo w in g  morning, the sub jec ts  performed on the b i c y c l e  
ergometer  and were te s te d  f o r  g r i p  s t r e n g t h ,  back l i f t ,  and v e r t i c a l  
jump. The f in d in g s  suggested th a t  performance in those events  which 
re q u i re d  r a p id  c i r c u l a t o r y  adjustments ( the b i c y c l e  ergom eter )  might be 
improved by exposure to  the sauna.
Other s tu d ies  have concluded t h a t  rap id  w e ight  loss does have
d e le t e r io u s  e f f e c t s  on var io u s  p h y s io lo g ic a l  responses to  work.
2 7B u sk irk  and o thers  used dry heat to  br ing  about w e ight  losses o f  
percent  of  normal body w e ight  o f  three  groups o f  men a t  two d i f f e r e n t  
t im es .  During the i n t e r v a l  between the two occasions of  d e h y d ra t io n ,
26H a t t i  M i e t t i n e n  and Esko Karv inen ,  ' I f f e c t  of  Sauna Bath on 
Physica l  Pe r fo rm anc e ,"  The Journal o f  Sports  H ed lc inc  and Physical  
Performance. I l l  (December, "l 963) , 225.
27E.  R. B u s k i rk ,  P.  F .  l a m p ie t r o ,  and D. E .  Bass, rV o rk  
Performance a f t e r  Dehydra t ion:  E f f e c t  o f  Physical  C o n d i t io n in g  and 
Heat A c c l i m a t i z a t i o n . "  Journal o f  A p p l ied  P h y s io lo g y , X I I  (March,
1958 ) ,  189-19**.
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one group was a c c l i m a t i z e d  to heat and p h y s ic a l l y  c o n d i t io n e d ,  Lhe 
second group was p h y s i c a l l y  c o n d i t io n e d ,  and the t h i r d  group remained 
s e d e n ta ry .  I t  was found t h a t  a l l  groups showed an e l e v a t i o n  in pulse  
ra te s  and in body tem perature  during work and recovery a f t e r  dehydra­
t i o n ,  Luc tne e l e v a t i o n  was less in the f i r s t  two groups than in the 
sedentary  group.  The authors  concluded t h a t  physica l  c o n d i t io n in g  was 
as s o c ia te d  w i t h  enhanced work performance under c o n d i t io n s  o f  dehydra­
t i o n .  However, i t  was noted t h a t  o v e r a l l ,  d e h ydra t ion  ap p a re n t ly
l i m i t s  man's a b i l i t y  to  work.
2 8
B ly th e  and Burt  u t i l i z e d  e ig h te e n  males to  determine the 
e f f e c t s  o f  d e h y d ra t io n  and supei—h y d ra t io n  on the d u r a t io n  o f  a l l - o u t  
runs on a t r e a d m i l l  a t  a temperature  of  120 degrees F a h r e n h e i t .  The 
sub jec ts  were c l a s s i f i e d  as a t h l e t e s  or n o n - a t h l e t e s .  The sub jec ts  
were te s te d  under th ree  c o n d i t io n s  o f  w ater  in ta k e :  ( 1 ) normal; ( 2 ) 
s u p e r - h y d r a t l o n ,  as a r e s u l t  o f  d r in k in g  two l i t e r s  o f  w ater  t h i r t y  
minutes b e fo re  the t e s t ;  and (3 ) d eh yd ra t io n ,  r e s u l t i n g  from the  
c u r t a i lm e n t  o f  w a te r  in ta k e  f o r  t w e n ty - fo u r  hours p r i o r  to  the t e s t .  
The sub jec ts  were f u r t h e r  dehydrated by sweating in a hot  room u n t i l  
3 percent  o f  the body w e ight  was l o s t .  I t  was concluded t h a t  
d eh ydra t ion  lowered endurance in  both a t h l e t e s  and n o n -a t h le t e s  
w h i le  s u p e r -h y d r a t io n  increased  endurance in a t h l e t e s  and decreased  
endurance in  n o n - a t h l e t e s .
28C. S. B ly th e  and J .  J.  B u r t ,  " E f f e c t  o f  Water Balance on 
A b i l i t y  to  Perform in High Ambient Te m p e ra tu re ."  The Research  
q u a r t e r l y . XXXI I ,  19S1. 301.
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29W ilson  s t a t e d  th a t  the loss of  water  through sweat p ro d u c t io n  
by means o f  an o u ts id e  hea t  source was not d e t r im e n ta l  to  performance.  
However,  the au th o r  f e l t  t h a t  the loss o f  co n s id e ra b le  q u a n t i t i e s  o f  
s a l t s  dur ing sweat p ro d u c t io n  could cause a weakened p h y s io lo g ic a l  
c o n d i t i o n .  W i lson  s ta te d  th a t  because the b o d i l y  system is dependent  
on c l o s e l y  c o n t r o l l e d  c o n c e n t ra t io n s  o f  s a l t s ,  the u p s e t t in g  o f  th is  
balance by means o f  d eh yd ra t io n  can impair  performance.  The au thor  
f u r t h e r  s t a t e d  t h a t  severe  d eh ydra t ion  may reduce the g r e a t e r  m e tabo l ic  
c a p a c i ty  which is achieved through t r a i n i n g .
de V r i e s ^  s t a t e d  t h a t  the p r a c t i c e  of  causing w e ight  losses  
o f  app ro x im ate ly  1 0  percent  in  high school a t h l e t e s  could  cause changes 
in kidney and c a r d io v a s c u la r  fu n c t io n  and should be condemned in the  
s t ro n g e s t  terms,  de V r ie s  f e l t  t h a t  f o r  secondary school a t h l e t e s  a 
5 p ercen t  w e ight  loss was the o u ts id e  l i m i t  o f  prudence,  and t h a t  even  
th is  amount might  be too g r e a t  fo r  some s u b je c ts .
S a l t i n ^ *  found t h a t  weight  losses by d e h y d ra t io n  caused no 
s i g n i f i c a n t  d i f f e r e n c e  in  oxygen in ta k e  and in maximal Isom etr ic  
s t r e n g t h  o f  the knee ex tensors  from r e s u l t s  a t  normal body w e ig h t .
There was, however a marked increase In h e a r t  r a t e  and a decrease in
^ ^ r f t l l i a m  W i lso n ,  MControl  o f  Body Weight  and N u t r i t i o n  In  the 
W r e s t l e r . 11 Journal o f  Physica l  E d u c a t io n , L X V I I ,  k  (March-Apr11 , 1 970 ) ,  
1 0 0 - 1 0 1 , 1 1 1 .
^ H e r b e r t  A. de V r i e s ,  Physio logy o f  E x erc is e  fo r  Ph]f**c a * 
Educat ion  and A t h l e t i c s  (Dubuque, Iowa: W. C. Brown C o . ,  l 9 6 o ) ,  p .  2 k 0 .
31 Bengt Sal t i n ,  "Aerob ic  and Anaerobic  Work Capac i ty  A f t e r  
D e h y d r a t io n , "  Journal o f  A p p l ie d  P h y s io lo g y . XIX (November, 196 *0 ,
33**.
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blood l a c t a t e  leve l  a t  submaximal work loads a f t e r  d e h y d ra t io n .  The 
a b i l i t y  of  the s u b jec ts  showed t h e i r  a b i l i t y  to  perform work a f t e r  
d eh ydra t ion  was less a f f e c t e d  than was the poor 1y - t r a i n e d  i n d i v i d u a l ' s  
ab i 1 i ty .
32Palmer s tu d ied  the e f f e c t s  o f  dehydrat ion  and r e h y d ra t io n  
on c e r t a i n  p h y s io lo g ic a l  responses. The procedure used in his study  
involved a p r e - t e s t  a t  normal w e ight  on fa c to r s  of  body tem perature ,  
e x e r c is e  and recovery h e a r t  r a te s ,  oxygen consumption, r e s p i r a t o r y  
q u o t i e n t ,  oxygen p u ls e ,  and v e n t i l a t o r y  volume and e f f i c i e n c y  during  
submaximal e x e r c is e  on a t r e a d m i l l .  The sub jec ts  were dehydrated in 
a steam c a b in e t  u n t i l  5 percent  o f  the body weight  was l o s t .  The t e s t  
of responses was repea ted  one hour a f t e r  the weight  loss was completed.  
The sub jec ts  were then rehydra ted  to  normal body weight  over  a f i v e  
hour p e r io d  by a d m i n i s t r a t i o n  o f  sugar sweetened w ater  and r e t e s t e d .
The au thor  concluded t h a t  w e ight  loss by dehydra t ion  of  app ro x im ate ly  
5 p ercen t  and above w i l l  Impair  p h y s io lo g ic a l  performance.  This  
impairment was p r i m a r i l y  marked by a f a i l u r e  o f  the body to  recover  
from exerc'->e as r a p i d l y  when dehydrated as when a t  normal weight  and 
by an increase In mean e x e r c is e  h e a r t  r a t e  over t h a t  ob ta ined  a t  
normal body w e ig h t .
A study by K i g h t ^  o f  w e ight  and i ts  e f f e c t  on the v e r t i c a l
32Warren K. Palmer,  "S e le c te d  P h y s io lo g ic a l  Responses o f  Normal 
Young Men Fo l low ing  D ehydra t ion  and Rehydrat  1 on . 11 The Research 
Q u a r te r !  y . XXXIX (December, 1968) ,  1 05** -1 059.
^ C a r l  Ray K ig h t ,  ,rThe E f f e c t s  o f  E x p e r im e n ta l ly  Induced 
V a r i a t i o n s  in  Body Weight Upon Power,"  (unpubl ished D o c to r 's  d i s s e r t a ­
t i o n ,  L o u is iana  S ta te  U n i v e r s i t y ,  May, 1967 ) .
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jump invo lved  d eh yd ra t io n  by means o f  both wet and dry h e a t .  He
reached the fo l lo w in g  c o n c lu s io n s .  The v e r t i c a l  jumping a b i l i t y  o f  a
person can be s i g n i f i c a n t l y  improved by reducing the body w e ight  by
means o f  thermal d e h y d r a t io n .  A second con c lu s ion  in d ic a te d  th a t  w i t h i n
the l i m i t s  of  3 p e rc e n t  over normal body weight  and 3 p e rce n t  under
normal body w e ig h t ,  there  appears to  be an Inverse  r e l a t i o n s h i p  between
v e r t i c a l  jumping a b i l i t y  and body w e ig h t .
3*+Car lson  and Johnson concluded t h a t  the human body was much 
more e f f i c i e n t  in d i s s i p a t i n g  hea t  when exposed to  dry hea t  than when 
exposed to  wet  h e a t .  In a chamber c o n ta in in g  dry a i r ,  a person could  
t o l e r a t e  temperatures o f  up to  212 degrees F ah re n h e i t  fo r  short  
per iods  o f  t im e .  I f  the chamber were s a tu r a te d  w i t h  m o is tu re ,  
p re v e n t in g  the e v a p o ra t io n  o f  sweat ,  the body temperature  rose r a p i d l y .  
Col 1 apse occurred i n some cases by the t i me the temperature  o f  the  
chamber reached 90 degrees F a h r e n h e i t .
SUMMARY OF THE LITERATURE
The l i t e r a t u r e  was r a t h e r  l i m i t e d  in t h a t  few s tu d ies  were 
a v a i l a b l e  which had examined the e f f e c t s  o f  r a p id  w e ig h t  loss on 
performance in  physica l  ta s k s .
The authors i n v e s t i g a t i n g  the r e l a t i o n s h i p  between weight  and 
performance were in  genera l  agreement t h a t  an inverse  r e l a t i o n s h i p
3*tAnton J.  C a r ls o n ,  V i c t o r  Johnson, and H. Mead C a v e r t ,  The 
Machinery o f  the Human Body (5 th  e d . ;  Chicago: The U n i v e r s i t y  of  
Ch i cago P r «  s T T g S i T r p n f c .
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e x i s t e d  between the amount of  w e ight  added and the performance.  There  
was less general  agreement between the r e s u l t s  obta ined  from s tud ies  
r e l a t i n g  to  the e f f e c t s  o f  heat  and /or  d en yd ra t io n  on s t re n g th  and 
performance .  Some a u t h o r i t i e s  found s i g n i f i c a n t  increases in 
i n i t i a l  s t r e n g th  a f t e r  heat  and /o r  dehydra t ion  but the m a j o r i t y  
found no d i f f e r e n c e .
The s tu d ies  r e l a t i n g  to  the e f f e c t s  o f  d eh ydra t ion  were 
d iv id e d  on the issue o f  whether  or  not d eh ydra t ion  caused d e l e t e r ­
ious e f f e c t s  on p h y s io lo g ic a l  responses to work loads.
CHAPTER M l
PROCEDURE FOR THE STUDY 
OVERVIEW OF PROCEDURES
Twenty-seven male sub jec ts  were s e le c te d  to  p a r t i c i p a t e  in  
the s tudy .  An a t tem p t  was made to  s e l e c t  sub jec ts  o f  a s i m i l a r  
body b u i l d  in o rder  to  avo id  having an i n t e r a c t i o n  between body 
weight  and response to  work confuse the r e s u l t s  of  the s tu d y .  The 
study was d iv id e d  i n t o  an e x e r c is e  and a recovery p e r i o d .
The e x e r c is e  p e r io d  co n s is ted  o f  each s u b je c t  s tepp ing  up and
down on a tw e n ty - in c h  high bench a t  a cadence o f  t h i r t y  steps per
m in u te .  This e x e r c is e  was performed u n t i l  the s u b je c t ' s  h e a r t  r a t e  
reached 180 beats  per  m inute .
The recovery  p e r io d  was of  ten minutes d u r a t io n  and began
immediately  a f t e r  the h e a r t  r a t e  o f  the su b jec t  reached 1 8 0  beats per
m inute .  The s u b je c t  was seated and i n s t r u c te d  to  remain I n a c t i v e  
fo r  the ten minute p e r i o d .  The h e a r t  r a t e  throughout the recovery  
p e r io d  was monitored and recorded a t  each m inute .  A card io tacho m eter  
was used to  monitor  h e a r t  r a t e  during both the e x e r c is e  p e r io d  and the 
recovery p e r i o d .
The study was a l s o  d iv id e d  In to  f i v e  d i f f e r e n t  c o n d i t io n s  based 
on v a r i a t i o n s  o f  body w e ig h t .  Each s u b je c t  p a r t i c i p a t e d  in  both the  
e x e r c is e  and the recovery  per iods  under each o f  the f i v e  c o n d i t io n s .
The c o n d i t io n s  were:
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t .  Norma) body weight  minus 3 percent
2 .  Normal body w e ight  minus t .5 percent
3 .  Normal body weight
**. Normal body weight  plus 1 .5  percent
5 .  Normal body w e ight  p lus 3 percent
Normal body weight  was e s t a b l i s h e d  by weighing the su b je c t  
each day f o r  a two-week p e r io d  p r i o r  to  p a r t i c i p a t i o n  in the e x e r c is e  
and recovery  phases o f  the s tu d y .  During th is  t ime the sub jec ts  were 
made w eight  conscious and were encouraged to  keep t h e i r  w e ight  
constant  f o r  the d u r a t io n  o f  the s tudy .  Subjec ts  w i th  w e ight  changes 
o f  p lus or  minus one pound were not used in the ac tu a l  s tudy .
The body weight  was decreased by means o f  a dry heat  room f o r  
the two c o n d i t io n s  o f  reduced body w e ig h t .  The increases In body 
w eight  were made by p la c in g  a w e ight  b e l t  around the s u b j e c t ' s  w a i s t .
The f i v e  c o n d i t io n s  were a d m in is te re d  In a random order  f o r  
each s u b je c t  in  o rd er  to  keep the e f f e c t s  o f  t r a i n i n g  from i n f lu e n c in g  
the resul  Is of  the s tudy .
The f i v e  c o n d i t io n s  were a d m in is te re d  on a l t e r n a t e  days in  
o rd er  to e l i m i n a t e  the p o s s i b i l i t y  t h a t  one c o n d i t io n  might  in f lu e n c e  
the succeeding c o n d i t io n s .  The t e s t in g  phase o f  the study took n ine  
days f o r  each s u b je c t  to  complete .
SUBJECTS
Twenty-seven male sub jec ts  were s e le c te d  f o r  p a r t i c i p a t i o n  in
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the  s tudy .  The s u b jec ts  were mature (1^-26 years of  age)  male 
v o lu n te e r s  from the bas ic  a c t i v i t y  program a t  Lou is iana  S ta te  
U n i v e r s i t y  a t  A l e x a n d r ia .
The s e le c t e d  sub jec ts  ranged in body weight  from 1^0 to  175 
pounds. The mean body weight  was 160.*+ pounds. In  an a t tem p t  to  
avo id  the p o s s i b i l i t y  o f  an i n t e r a c t i o n  between body b u i l d  and the  
p h y s io lo g ic a l  response to  work confusing the r e s u l t s ,  the author  
s e le c te d  s u b jec ts  of  a s i m i l a r  body b u i l d .  The average h e ig h t  o f  the  
s e le c te d  su b je c ts  was f i v e  f e e t  ten inches w i th  a range o f  f i v e  f e e t  
e i g h t  inches to  s i x  f e e t .
TESTING EQUIPMENT
E and H S o l i d  Wire  Card to tach om ete r .*  The E and H s o l i d  w i r e  
system card !o tacho m ete r  was used to  read the h e a r t  r a t e s .  The E and 
M system opera tes  w i th  three  su r face  e le c t r o d e s  he ld  in p lace  w i th  
adhesive tape and e l e c t r o d e  conduct ing p a s te .  The h e a r t  impulse is 
fed in to  a c a rd ia c  p r e a m p l i f i e r  to increase the b l o l e c t r i c  le v e l  to  a 
p o i n t  th a t  Is s u i t a b l e  to  feed in to  the T rans ducer -M o n i to r -C oup1e r . 
The T ran s d u cer -M o n i to r -C o u p le r  serves to  r e g u la te  a low impedence 
outpu t  s ig n a l  s u i t a b l e  f o r  input  In to  the c a r d io ta c h o m e te r .  The 
card io tacho m eter  g r a p h i c a l l y  d is p la y s  b e a t - b y - b e a t  I n t e r v a l s ,  or 
average h e a r t  r a t e s ,  on a s ca le  o f  from zero  to  5 0 0  bea ts  per m in u te .
' i n s t r u c t i o n  Manual,  E and M S o l i d  W ire  C a rd io tach om ete r .  
E and M Ins trument  Company, I n c . ,  Houston, Texas.
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Dry Heat Room. The dry heat room of  the Ramada Inn Motor  
Hotel in A l e x a n d r ia ,  Lou is ian a  was used in the d eh ydra t ion  phase of  the 
s tudy .  The tem perature  was m a in ta ined  between 190 and 195 degrees 
F ah re n h e i t  w i th  an ex trem ely  low (approx im ate ly  10 p e rc e n t )  hu m id i ty .
A p l a t f o r m  sca le  p laced  o u ts id e  of  the room was used to  determine  
when the r e q u i r e d  amount o f  weight  had been lo s t  dur ing the weight  
re d u c t io n  phase o f  the program.
Weight b e l t . The w e ight  b e l t  c o n s is te d  o f  an army surplus  
c a r t r i d g e  b e l t  w i t h  packets  o f  lead shot weighing four  ounces each 
even ly  d i s t r i b u t e d  in  the pockets o f  the b e l t .  The b e l l  was worn a t  
w a is t  le v e l  by each s u b je c t  during the weight  a d d i t i o n  phase o f  the  
t e s t i  ng program.
Step Test  Bench. A p l a t f o r m  twenty inches high was used dur ing
the e x e r c is e  p o r t io n  o f  the study fo r  a l l  f i v e  o f  the c o n d i t io n s .  The
s u b je c t  stepped up and down from the f l o o r  to  the bench a t  a cadence
of  t h i r t y  steps per  m in u te .  The cadence was re g u la te d  by means of  a 
2
Seth Metronome.
TESTING PROCEDURE
C o n d it io n s  o f Body Weight
Normal body w e ight  was e s t a b l i s h e d  by determ in ing  the body 
weight  o f  each s u b je c t  each day f o r  a two-week p e r io d  p r i o r  to  the  
s t a r t  o f  the a c tu a l  t e s t i n g  p e r i o d .  The average w e ight  dur ing t h is
2
Metronome, Seth Thomas C lock , Thomaston, C o n n e c t ic u t .
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p e r i o d  was used as the norma] body weight  f or  the s tudy.  Subjects  whose 
weight  v a r i e d  more than plus or minus one pound dur ing t h is  two-week 
per iod  or dur ing the t e s t i n g  phase were not used for  the purposes of
the s tudy.  Each sub jec t  was dressed in gym sho r t s ,  socks and tennis
shoes when weighed dur ing the s tudy.
During the actua l  t e s t i n g  phase of  the study the s u b j e c t ' s
weight  was matched w i t h i n  o n e - f o u r t h  of  one pound of  his  e s t a b l i s h e d
normal w e i g h t .  This r e qu i r ed  a sense of  weight  consciousness on the 
p a r t  of  the s u b j e c t s .  Matching the s u b j e c t ' s  weight  w i t h i n  o n e - f o ur t h  
of  a pound of  his normal body weight  was accompl ished by means of  
e i t h e r  i n t a ke  ( o r a l l y )  or e l i m i n a t i o n  ( u r i n a t i o n )  c f  water  j u s t  p r i o r  
to the s t a r t  o f  the t e s t .  I t  was found t ha t  i f  the sub jec t  was w i t h i n  
one pound o f  the c o r r e c t  weight  when he repor ted  that  t h i s  f i n a l  
weight  c o r r e c t i o n  presented no problems.
The study was d i v i d e d  i n t o  f i v e  d i f f e r e n t  c o n d i t i o n s .  These 
f i v e  c o n d i t i o n s  were based on v a r i a t i o n s  of  the normal body we ight  of  
each s u b je c t  which had p r e v i o u s l y  been e s t a b l i s h e d .  The cond i t i ons  
we re as f o i l o w s .
The f i r s t  c o n d i t i o n  was one in which a l arge  we ight  loss was 
produced.  The sub jec t  was placed in the dry heat  room u n t i l  weight  
l os t  due to p e r s p i r a t i o n  was equal t o  3 percent  of  his  normal body 
we i g h t .
The amount o f  weight  l o s t  by each s ub j e c t  averaged 14.8 pounds 
wi t h  a range of  *4.25 to 5 - 25 pounds.  The average t ime in the dry heat
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room re q u i re d  to  produce th is  w e ight  loss was 50.** minutes w i th  a range 
o f  t h i r t y - e i g h t  to  s i x t y - s i x  m inutes .
The weight  loss o f  each su b jec t  was determined by making 
p e r i o d i c  weight  checks u n t i l  the d es i re d  amount o f  w e ight  had been 
l o s t .  For each w e ight  check,  the s u b je c t  would dry o f f  and put on his  
s h o r ts ,  socks and tenn is  shoes.  When the d e s i r e d  weight  le v e l  was 
reached,  the s u b je c t  took a cool shower to stop p e r s p i r a t i o n .  The 
e x e r c is e  p o r t io n  of  the study took p lace  one hour a f t e r  the conclus ion  
o f  the w e ight  loss process.
During t h is  one hour i n t e r v a l  the sub jec t  was not a l lowed to  eat  
food or to  d r in k  f l u i d s .  The s u b je c t  would g e n e r a l l y  lose an a d d i t io n a l  
o n e -q u a r te r  pound dur ing t h is  i n t e r v a l .  This a d d i t io n a l  w e ight  loss 
was a l lowed fo r  by removing the s u b je c t  from the dry heat  room when his  
body w e ight  was s t i l l  o n e -q u a r te r  pound over the a c tu a l  w e ig h t  used for  
tes t i ng .
During a p i l o t  study the au thor  found t h a t  a t te m p t in g  to  
shorten  the t ime i n t e r v a l  between the d eh ydra t ion  p e r io d  and e x e r c is e  
per io d  led to  a g e n e r a l l y  poor performance .  The sub jec ts  complained of  
f e e l i n g  " t i r e d "  o r  "weak" and the performance on the standard  e x e r c is e  
was lower than t h a t  a t  normal w e ig h t .  When a one hour p e r io d  was 
placed between the con c lu s ion  o f  the d eh yd ra t io n  and the beginning o f  
the e x e r c is e  p e r io d  the compla ints  o f  the sub jec ts  were e l im i n a t e d  
and the r e s u l t s  on the e x e r c is e  phase o f  the study were improved.
Whether the f e e l i n g  o f  " t i r e d n e s s "  or  'V#eakness" was p h y s io lo g ic a l  or  
psycho log ica l  was not de term ined .
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The second c o n d i t io n  was one in which a small weight  loss was 
produced.  The s u b je c t  was p laced in  the dry heat  room u n t i l  the  
w eight  l o s t  due to  p e r s p i r a t i o n  was equal to  1 . 5  percent  o f  h is  normal 
body w e ig h t .  The same procedure th a t  was fo l low ed  fo r  the c o n d i t io n  
r e q u i r h ig  a la rg e  w e ight  loss ( 3  p e rc e n t )  was used in t h is  c o n d i t io n  
a l s o .
The amount o f  w e ight  l o s t  by each s u b je c t  averaged 2.1+ pounds 
w i t h  a range o f  2 to  2 .5  pounds. The average t ime in the dry heat
room r e q u i r e d  to produce t h i s  weight  loss was 2 1 . 6  minutes w i th  a
range of  s i x t e e n  to  tw e n ty -n in e  m inutes .
The t h i r d  c o n d i t io n  was one of  normal body w e ig h t .  This weight
was the normal body w e ight  e s r a b l i s h e d  dur ing the two-week p e r io d  p r i o r
to  the s t a r t  o f  the t e s t in g  phase o f  the s tudy.
The fo u r th  c o n d i t io n  was one in which a small w e ight  g a in  was 
in c u r re d .  Lead weights  were added to  a b e l t  worn by the su b jec t  u n t i l  
the w e ight  added was equal to  1 , 5  p e rce n t  o f  h is  normal body w e ig h t .
The w eights  were even ly  d i s t r i b u t e d  around the w a is t  o f  the s u b je c t .
The f i f t h  c o n d i t io n  was one in which a la rge  weight  g a in  was
in c u r r e d .  Lead weights  were added to  a b e l t  worn by the s u b je c t  u n t i l  
the w e ight  added was equal to  3 p e rc e n t  o f  h is  normal body w e ig h t .
The weights  were even ly  d i s t r i b u t e d  around the w a is t  o f  the s u b je c t .
E x e rc is e  Pe r io d
The e x e r c is e  p e r io d  c o n s is te d  o f  a s tandard  e x e r c is e  adm in is ­
te re d  to  each su b jec t  under each o f  the f i v e  c o n d i t io n s  o f  the s tudy .
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The standard  e x e r c is e  con s is ted  of s tepping up and down from the f l o o r  
onto  a twenty inch high p l a t f o r m  a t  a cadence o f  t h i r t y  steps per  
mi nu t e .
Each s u b je c t  took p a r t  in an o r i e n t a t i o n  session one or  two 
days p r i o r  to  a c tu a l  p a r t i c i p a t i o n  in the e x e r c is e  and recovery  p e r io d s .  
During t h is  session the s u b je c t  observed someone being te s t e d ,  examined 
the c a rd io tach o m e te r  and p r a c t i c e d  the e x e r c is e  u n t i l  i t  was f e l t  th a t  
he would have no d i f f i c u l t i e s  dur ing ac tu a l  t e s t i n g .
The e x e r c is e  p e r io d  began by a t t a c h i n g  the leads from the 
card io tacho m e te r  to  the s u b j e c t .  Three su r face  e le c t r o d e s  were 
a t ta c h e d  to  each s u b je c t  w i t h  double su r face  adhesive washers and 
conduct ing p a s te .  When necessary ,  body h a i r  was removed to  p rov ide  
enough s k in  s u r fa c e  to  a t ta c h  the e l e c t r o d e s  a t  the proper l o c a t io n s .
One o f  the input  e l e c t r o d e s  was p laced d i r e c t l y  over  the c e n te r  o f  the 
sternum. The second input  e l e c t r o d e  was p laced over the f i f t h  r i b  on 
the l e f t  s i d e .  The ground lead e l e c t r o d e  was p laced  one inch below 
the l e f t  n i p p l e .
A h e a r t  r a te  o f  180 beats  per minute  was s e le c te d  as the 
stopping p o in t  f o r  the e x e r c is e  p e r io d .  Al though the h e a r t  r a t e  can 
exceed t h i s  v a lu e ,  some a u t h o r i t i e s  agree t h a t  the c a r d ia c  ou tput  w i l l  
not be improved because the s t ro k e  volume w i l l  decrease as a r e s u l t  
o f  the decreased t ime a v a i l a b l e  fo r  d i a s t o l i c  f i l l i n g . ^  Nagle and
^Herber t  A. de V r i e s ,  Physio logy of E x e rc is e  fo r  Physical  
Educat ion and A t h l e t i c s  (Dubuque, Iowa: W. C. Brown "Co. ,  196 6 ) ,  p .  79.
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Bedecki examined the v a l i d i t y  o f  the use o f  t ime re q u i re d  to  produce 
a h e a r t  r a t e  o f  t 80 beats  per minute as a measure o f  c i r c u l o r e s p i r a -  
to ry  c a p a c i t y . The authors  found t h a t  p h y s io lo g ic a l  incompetence 
occured around a h e a r t  r a t e  o f  18 0  beats  per  minute  in t r e a d m i l l  
runn in g .  This incompetence was in d ic a t e d  by: (a)  an excessive  volume
o f  v e n t i l a t i o n ;  (b) a r e s p i r a t o r y  exchange r a t i o  o f  u n i t y ;  (c)  an 
acute  decrease in the r a t i o  o f  oxygen consumed to  the work done;
(d) a tendency f o r  the oxygen consumption to leve l  o f f ,  i n d ic a t in g  
increased anero b ic  work.  The authors concluded t h a t  a h e a r t  r a t e  o f  
1 8 0  beats per minute was a v a l i d  c u t - o f f  p o in t  when t e s t in g  c i r c u l o -  
resp i r a t o r y  capac i t y .
The su b jec t  was in s t r u c te d  to  beg in  the e x e r c i s e .  in o rder  to  
m a in ta in  the t h i r t y  s tep  per minute cadence, a metronome was used. When 
the h e a r t  r a t e  as in d ic a t e d  by the ca rd io tach o m e te r  reached 1 8 0  beats  
per minute ,  the s u b je c t  stopped the e x e r c is e  and sa t  down. The t ime  
r e q u i r e d  f o r  the e x e r c is e  to  produce a h e a r t  r a t e  o f  1 8 0  beats  per  
minute was recorded .
The r e l i a b i l i t y  o f  t h is  t e s t  was determined by the a u th o r .  The 
t e s t - r e t e s t  method was u t i l i z e d .  Twenty sub jec ts  were te s te d  a t  norma) 
w eight  then r e t e s t e d  a t  the same w eight  le v e l  two days l a t e r .  A r e l i a ­
b i l i t y  c o e f f i c i e n t  o f  . 9 *+ was e s t a b l i s h e d .
The p la t fo r m  step  bench was p laced  in  an a i r  c o n d it io n e d  room
L
Franc is  J. Nagle and Thomas G. Bedeck i ,  'Use o f  the 180 Hear t  
Rate  Response as a Measure o f  C1r c u l o r e s p i r a t o r y  C a p a c I t y The 
Research Q u a r t e r l y , XXXIV (October ,  I963 )»  3 6 1 -6 9 .
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in which the tem perature  was m ain ta ined  between seven ty - tw o  and seventy -  
four  degrees F a h r e n h e i t .  Each su b jec t  was tes ted  a t  the same time each 
day. The e x e r c is e  per iods  a t  the f i v e  body weight  c o n d i t io n s  were 
spread over a n ine  day p e r io d  in  o rder  to  a l lo w  one day o f  re s t  between 
each o f  the f  i ve tes t  days .
Recovery Per iod
When the d e s i r e d  h e a r t  r a t e  o f  180 was reached,  the su b je c t  
s topped the exerc  i se and 1mmedi a t e  Iy  s a t  down on the s tep tes t bench.
The s u b je c t  was i n s t r u c t e d  to  remain i n a c t i v e  f o r  a p e r io d  o f  ten  
m in utes .  The h e a r t  r a t e  o f  each s u b je c t  was monitored con t in u o u s ly  by 
means of the c a rd io tach o m e te r  dur ing t h i s  recovery p e r io d .  The h e a r t  
r a te  was recorded a t  the end of  each minute  o f  the ten minute  recovery  
pe r i o d .
STATISTICAL ANALYSIS
The Computer Research Center  o f  Lou is iana  S t a t e  U n i v e r s i t y  was 
used f o r  most o f  the computations invo lved  in  a n a ly z in g  the data  fo r  
t h is  s tudy .  The f o l l o w in g  analyses were employed to  determine the  
e f f e c t s  o f  the var io u s  v a r i a t i o n s  o f  body w e ight  on p h y s io lo g ic a l  
performance dur ing s tandard  e x e r c is e  and recovery p e r io d s .
In  o rd er  to  determine i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among 
the f i v e  c o n d i t io n s  o f  body w e ig h t  in the amount o f  t ime r e q u i r e d  to  
produce a h e a r t  r a t e  o f  1 8 0  beats  per  minute  dur ing  a s tandard  e x e r ­
c i s e ,  the fo l lo w in g  s t a t i s t i c a l  techniques were used.
I .  A randomized block  des ign a n a ly s is  o f  v a r ia n c e  was employed
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to d e te c t  d i f f e r e n c e s  which e x i s t e d  among the r e s u l t s  
ohta i ned under each of  the f  i ve cond i t i ons . Each sub j ec t 
formed one b lock  under t h is  des ign .
2 .  Orthogonal comparisons were made to  determine the na ture  o f  
the re g res s io n  l i n e  between t ime re q u i re d  f o r  the h e a r t  
r a t e  to  reach 1 8 0  beats per  minute dur ing a standard  
e x e r c is e  and the body w e ight  c o n d i t io n .
In o rder  to  examine the d i f f e r e n c e s  among the f i v e  c o n d i t io n s  
o f  body w e ight  in the recovery  h e a r t  r a t e  p a t t e r n s ,  the f o l lo w in g  
s t a t i s t i c a l  techniques were used.
1.  A s p l i t - p l o t  randomized block design a n a ly s is  o f  v a r ian ce  
was employed to examine the h e a r t  r a t e  recovery p a t te r n s  
f o r  any d i f f e r e n c e s  which e x i s t e d  in these p a t te r n s  under  
the body w e ight  c o n d i t io n s .  The a n a ly s is  of v a r ia n c e  was 
a 5 x 1 0  s p l i t - p l o t  arrangement of  f i v e  c o n d i t io n s  as 
w h o le -p lo ts  and ten measures o f  recovery  h e a r t  r a t e s .
Each s u b je c t  formed one b lock  under t h is  des ign .
2.  Orthogonal comparisons were made to  determ ine  the nature  
o f  the re g re s s io n  l i n e  between the mean pulse r a t e  f o r  a l l  
sub jec ts  dur ing  the e n t i r e  recovery p e r io d  and the  
c o n d i t io n  of  body w e ig h t .
3 .  A second se t  o f  orthogonal  comparisons was made in o rder  
to  determine the na tu re  o f  the re g re s s io n  l i n e  between the 
mean pu lse  r a t e  o f  a l l  s u b jec ts  and the minute o f  the 
recovery  p e r i o d .
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
OVERVIEW
A n a ly s is  of  va r ia n c e  was computed to determine whether  or not  
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among f i v e  d i f f e r e n t  c o n d i t io n s  o f  
body weight  in the amount of  t ime re q u i re d  for  p roduct ion  of  a h e a r t  
r a t e  of 180 beats per  minute during a s tandard  e x e r c is e .  The data  
were p laced in a randomized b lock  design blocked on each s u b je c t .  
Orthogonal comparisons were u t i l i z e d  to  lo c a te  the d i f f e r e n c e s  e x i s t ­
ing among the body w e ight  c o n d i t io n s .  The nature  of  the regress ion  
( ine between the t ime re q u i re d  to  produce a h e a r t  r a te  o f  180 beats  
per minute dur ing e x e r c is e  and body weight  was determined by these  
means.
A randomized block  design a n a ly s is  of va r ia n c e  was computed 
to  determine whether  or  not s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among 
f i v e  c o n d i t io n s  o f  body w e ight  In the recovery p e r io d  h e a r t  r a te  
p a t t e r n s .  The des ign co n s is ted  o f  a 5 x 10 s p l i t - p l o t  w i th  f i v e  
c o n d i t io n s  of  weight  as whole p lo ts  and ten  measures o f  recovery  
h e a r t  r a t e s .
One s e t  o f  or thogonal comparisons was computed to  determine  
the na ture  o f  the reg res s io n  l i n e  between the mean pulse r a t e  fo r  
a i l  sub jec ts  during the complete recovery  p e r io d  and the body weight
31*
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c o n d i t io n .  A second se t  o f  or thogonal comparisons were computed to 
determine the nature  o f  the reg res s io n  l in e  between the mean pulse  
ra te s  and the minute of  the recovery  p e r io d .
ANALYSIS OF VARIANCE AND REGRESSION
A n a ly s is  of  Va r iance  f o r  Time 
Required fo r  a Standard Ex erc is e  
to  Produce a Hear t  Rate o f  180 
a t  Five L eve ls  o f  Body Weight
The t imes,  in seconds, r e q u i re d  to  reach a h e a r t  r a t e  o f  180 
beats  per minute dur ing  a s tandard  e x e r c is e  by the twenty-seven  
sub jec ts  were grouped according to the f i v e  body weight  c o n d i t io ns  
or l e v e l s .  The average t ime decreased as the w e ight  o f  the sub jec t  
increased between the l i m i t s  o f  normal w e ight  minus 3 p ercen t  and 
normal weight  plus 3 p e r c e n t .  The change in  performance was c o n s is te n t  
in d i r e c t i o n ,  however the amount o f  change was not  c o n s is te n t  through­
out the range.  T ab le  I i n d ic a te s  t h a t  the amount o f  change in e x e rc is e  
t ime was less around the s u b j e c t ' s  normal w e ig h t .
A n a ly s is  o f  v a r ia n c e  In  a randomized b lock  design was computed 
to determine  i f  the d i f f e r e n c e s  in  mean t ime re q u i re d  to  produce a 
h e a r t  r a t e  o f  l 8 0  beats per  minute dur ing a standard  e x e r c is e  were 
s i g n i f i c a n t .  The F - r a t i o  o b ta in ed  f o r  sub jec ts  (b lo cks )  was found to  
be 7 0 .6 9 .  The F - r a t i o  was s i g n i f i c a n t  a t  the .01 leve l  of  c o n f id e n c e .  
This i n d ic a t e d  th a t  a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  In  the performance  
o f  the twenty-seven sub jec ts  w i th o u t  regard  to  the f i v e  co n d i t io n s  o f  
body w e ig h t .  The o b ta in ed  F - r a t i o  f u r t h e r  In d ic a t e d  t h a t  the b lock ing
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of Lhe da La d i d  remove a s i g n i f i c a n t  source  o f  e r r o r ,  thus making  
the a n a l y s i s  o f  v a r i a n c e  a b l e  to  d e t e c t  s m a l l e r  d i f f e r e n c e s .
TABLE I
SUMMARY OF THE TIME REQUIRED FOR A STANDARD 
EXERCISE TO PRODUCE A HEART RATE OF 180 
BEATS PER MINUTE AT THE VARIOUS BODY
WEIGHT CONDITIONS
-3%
Body Weight Qondi t ions  
- 1 .5 %  Normal +1 .5% ♦3%___
Tota l  E x e rc is e  
Time (Seconds) 4 , 0 0 4 .  10 3 ,7 0 4 .1 3 3 , 6 2 3 . 9 4  3 , 4 1 3 . 0 7 2 , 992 .14
Number o f  
Subjects 27 27 27 27 27
Average E x e rc is e  
Time (Seconds) 148 .30 137 .19 134.22 126.41 1 1 0 . 8 2
An F - r a t i o of  4 0 .4 6 was computed fo r  c o n d i t io n s  ( t r i a Is ) The
F - r a t i o  was s i g n i f i c a n t  a t the . 0 1  leve l of  c o n f id e n c e .  This i nd i ca ted
th a t  s i g n i f i c a n t  d i f f e r e n c e s  did  e x i s t  among the f i v e  c o n d i t io n s of
body w e ig h t .  A summary o f the a n a ly s is o f  va r ia n c e  is g iven i n
Tab le  I I .
Orthogonal comparisons were used to  determine the nature o f  the
reg re s s io n  l i n e  between t ime and c o n d i t io n s  o f  body w e ig h t *  The 
re g re s s io n  l i n e  was p l o t t e d  as shown In F igure  1, page 38 .  This c h a r t  
g r a p h i c a l l y  i l l u s t r a t e s  the d e c l in e  in t ime needed to produce a h e a r t  
r a te  o f  1 8 0  beats per  minute as the s u b j e c t ' s  body w e ight  increased  
from normal weight  minus 3 p e rce n t  to  normal w e ight  plus 3 p e r c e n t .
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The reg res s io n  was te s te d  to  determine whether i t  was l i n e a r ,  
q u a d r a t i c ,  cubic  or q u a r t i c  in  n a tu r e .  The F - r a t i o s  ob ta ined  f o r  the 
l i n e a r  and the cub ic  t rends were 1 5 3 . and 5 . 2 9 .  r e s p e c t i v e l y .  Both 
r a t i o s  were found to  be s i g n i f i c a n t  a t  the , 0 1  l eve l  o f  con f idence .
The F - r a t i  os fo r  the q u a d r a t i c  and the q u a r t i c  comparisons were found 
to  be 2 .83  and .2 9 ,  r e s p e c t i v e l y .  Both F - r a t i o s  were not s i g n i f i c a n t .
(See Tab le  I I I . )
TABLE I I
ANALYSIS OF VARIANCE FOR TIME REQUIRED TO 
PRODUCE A HEART RATE OF 180 DURING A 
STANDARD EXERCISE AT FIVE BODY 
WEIGHT CONDITIONS
Source o f  
var  i ance df
Sums o f  
squares
Mean
squares
F
r a t i o P
Among Weight  
Condi t io n 4 20 ,941 .01 5 , 2 3 5 . 2 5 4 0 ,4 6 . 0 1
Block (Sub jec t ) 2 6 2 3 7 .8 4 1 .5 7 9 ,1 4 7 .7 5 7 0 .6 9 . 0 1
E r r o r  (Subject  x 
Condi t ion) 104 1 3 , 4 5 7 .3 9 129.40
Total l?4 2 7 2 .2 3 9 .9 7
The g r e a t e s t  percentage o f  the d e v i a t i o n  was l i n e a r  in n a tu re ,  
w h i le  only  a small percentage was c u b ic .  The s i g n i f i c a n t  l i n e a r  
t rend in d ic a t e d  a s t r a i g h t  t i n e  inverse  r e l a t i o n s h i p  between the t ime  
needed to  produce a h e a r t  r a t e  o f  180 beats per minute and the  
c o n d i t io n  or  leve l  o f  the s u b j e c t ' s  body w e ig h t .  As the body weight
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increased from normal weight  minus 3 percent  to  normal weight  plus  
3 p e r c e n t ,  the amount o f  l ime r e q u i r e d  fo r  a standard  e x e r c i s e  to  
produce a h e a r t  r a t e  o f  1 8 0  d ecreased .
TABLE 111
SUMMARY OF ANALYSIS OF VARIANCE AND REGRESSION 
FOR THE TIME REQUIRED TO PRODUCE A HEART 
RATE OF 180 DURING A STANDARD 
EXERCISE AT FIVE BODY 
WEIGHT CONDITIONS
Source of  
v a r 1 anee df
Sums o f  
squares
Mean
squares
F
r a t i  o P
Among Trea tments 1+ 2 0 , 91+1 . 0 1 5 , 2 3 5 .2 5 i+ O .^ . 0 1
L i near 1 1 9 .8 5 7 .9 6 1 9 ,8 5 7 -9 6 153 . * 6 . 0 1
Quadra t i c 1 3 6 6 . 2 3 6 6 . 2 2 .83 N .S .
Cub i c 1 685 .15 6 8 5 . 1 5 5 . 2 9 . 0 1
Quart  i c 1 3 7 . 8 3 7 .8 .29 N .S .
Subjec t  x C o n d i t io n ] 0 k 13 , *57 .3 .9 129.1+0
The s i g n i f i c a n t  cub ic  t rend  in d ic a te d  some d e v ia t io n s  from 
l i n e a r i t y .  These d e v ia t io n s  were p r e v a le n t  around the c o n d i t io n  of  
normal body w e ig h t .  That i s ,  the c o n d i t io n  o f  g r e a t l y  reduced body 
w eight  (normal body w e ight  minus 3 p e r c e n t )  and the c o n d i t io n  in 
which a g r e a t  amount o f  w e ig h t  was added (normal body w e ight  plus  
3 p e r c e n t )  caused the g r e a t e s t  changes in  t ime r e q u i r e d  to  produce a 
h e a r t  r a t e  o f  180. The small  weight  v a r i a t i o n s  (normal body weight  
plus or minus 1 . 5  p e r c e n t )  d id  not  produce much change from the  
r e s u l t s  o b ta in ed  a t  normal w e ig h t .
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A n a ly s is  of  V a r ian c e  fo r  Hear t  
Rale  P a t t e r n s  During Recovery  
a t  F ive  Body Weight Condi t ions
The mean pulse ra tes  f o r  a l l  twenty-seven sub jec ts  during the 
ten minute recovery  p e r io d  were examined under each o f  the f i v e  body 
weight  c o n d i t io n s .  The mean pulse r a t e  during recovery  decreased as 
the w e ight  o f  the s u b je c t  increased between the l i m i t s  o f  normal 
w eight  minus 3 percent  and normal w e ight  plus 3 p e r c e n t .  Tab le  IV 
in d ic a te s  t h a t  the change In mean pulse r a t e  dur ing  the recovery  
p e r io d  was not  e n t i r e l y  c o n s is te n t  in d i r e c t i o n .  The amount o f  change 
was a ls o  in c o n s is t e n t  throughout  the range.
TABLE IV
HEART RATE MEANS OF ALL SUBJECTS FOR THE FIVE 
800Y WEIGHT WEIGHT CONDITIONS DURING THE TEN 
MINUTE RECOVERY PERIOD
Body Weight C o n d i t io n  
___________________________  -1 .5 %  Normal________ +1 .5% *3%
Number of
Subjec ts  27 27 27 27 27
Mean Heart
Rate_________________101 .63 102.33 101 .03 98 .63 97 .7
A randomized b lock  design a n a ly s is  o f  v a r ia n c e  In  a S x 10 
s p l i t - p l o t  arrangement was computed to  examine the h e a r t  r a t e  
recovery  p a t t e r n s  and to  d e t e c t  any d i f f e r e n c e s  e x i s t i n g  In  recovery  
h e a r t  ra tes  f o r  the f i v e  body w e ight  c o n d i t io n s .  Each su b jec t  formed 
one b lo c k .  The 5 x 10 s p l i t - p l o t  arrangement was composed o f  f i v e
4i
c o n d i t io n s  ot body weight (whole p l o t s )  and ten measures of recovery  
hear I r a t e s .
The F - r a t i o  ob ta ined  fo r  sub jec ts  (b lo c k s )  was found to be 
14.51.  The F - r a t i o  was s i g n i f i c a n t  a t  the .01 I eve I o f  conf i dence.
The s i g n i f i c a n t  F - r a t i o  in d ic a te d  a d i f f e r e n c e  in the h e a r t  ra te  
recovery  p a t t e r n s  of  the twenty-seven su b je c ts  w i th o u t  regard to  the  
body weight  c o n d i t io n s .  Through the use of  a randomized block  
des ig n ,  t h i s  d i f f e r e n c e  was removed from the e r r o r  source,  thus 
making the a n a ly s is  o f  va r ia n c e  b e t t e r  ab le  to  d e t e c t  small  d i f f e r ­
ences .
An F - r a t i o  o f  7 .3 6  was computed f o r  c o n d i t io n s  ( t r i a l s ) .  The
F - r a t i o  was s i g n i f i c a n t  at  the .01 leve l  o f  con f idence .  The s i g n i f i ­
cant  F - r a t i o  in d ic a te d  th a t  d i f f e r e n c e s  d id  e x i s t  among the f i v e  body 
weight  c o n d i t io n s  in mean h e a r t  ra tes  d u r in g  recovery f o r  a l l
subj ec t s ,
The F - r a t i o  f o r  t ime was computed a t  1 ,8 4 2 .2 2 .  This F - r a t i o  
was s i g n i f i c a n t  a t  the .01 leve l  o f  con f idenc e .  The s i g n i f i c a n t  F- 
r a t i o  in d ic a te d  tha t  d i f f e r e n c e s  d id  e x i s t  among the ten minutes of 
the recovery per iod  in mean pulse r a te s .
An F - r a t i o  o f  1.32 was computed f o r  the c o n d i t io n  x time
i n t e r a c t i o n .  This F - r a t i o  was not  s i g n i f i c a n t .  The i n s i g n i f i c a n t
F - r a t i o  in d ic a te d  th a t  re g a rd le s s  of the c o n d i t io n  of  body w e ig h t ,  the 
recovery  h e a r t  r a t e  p a t t e r n  was the same. A summary of  the a n a ly s is  
of va r ia n c e  is given in Table  V.
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Orthogonal comparisons were used to i n d ic a t e  the na ture  of  the 
re g re s s io n  l i n e  between the mean pulse r a t e  fo r  a l l  sub jec ts  during  
the e n t i r e  recovery p e r io d  and the c o n d i t io n  o f  body w e ig h t .  (See 
Table  V I . )  The reg res s io n  l i n e  was p l o t t e d  g r a p h i c a l l y  In F igure  2,  
page M+. The c h a r t  i l l u s t r a t e s  the d e c l i n e  in  mean pulse r a t e  dur ing  
the e n t i r e  recovery  p e r io d  as the s u b j e c t ' s  body weight  increased  
from normal w e ight  minus 3 percent  to  normal w e ight  plus 3 p e r c e n t .
TABLE V
SUMMARY OF ANALYSIS OF VARIANCE FOR HEART RATE
RECOVERY PATTERNS DURING RECOVERY FROM 
EXERCISE AT FIVE BODY WEIGHT 
CONDITIONS
Source of  
v a r i  ance df
Sums of  
squares
Mean
sauares
F
R a t i o P
Tota l l ,3*+9 3 3 1 ,5 5 5 .5 3
B1 ock 
(S u b je c t ) 26 5 5 ,2 1 1 .7 5 2 ,1 2 3 .5 3 I1+.5I . 01
Among
Condi t ions i+ *+.3 1 0 . 6 1 1 ,077 .65 7 .36 . 0 1
E r r o r  A 1 0 *+ 1 5 ,2 1 9 .2 7 11+6.31+
Ti me 9 239.21+9.06 2 6 ,5 8 3 .2 3  1 ,81+2.22 . 0 1
Cond i t i on x TI 
( I n t e r a c t i o n )
i me
36 6 8 7 . 1 2 1 9 .08 1 .32 N.S .
E r r o r  B I J 7 0 ... 1 6 ,8 7 7 .7 2 11+. 1+3
*+3
TABLE VI
SUMMARY OF ANALYSIS OF VARIANCE AND ORTHOGONAL 
COMPARISONS FOR HEART RATE PATTERNS OF ALL 
SUBJECTS DURING A TEN MINUTE RECOVERY 
PER 100 AT FIVE CONDITIONS OF 
BODY WEIGHT
Source o f  
v a r 1 ance d f
Sums o f  
squares
Mean
squares
F
r a t i o P
Among C o n d i t io n s 4 4 ,3 1 0 . 6 1 1 . 0 7 7 . 6 5 7 .36 . 0 1
L 1 near 1 3 , 6 0 8 . 0 1 3 , 6 0 8 . 0 1 2 4 .6 5 . 0 1
Quadra t i c i 3 6 6 . 6 2 3 6 6 .6 3 2.51 N .S .
Cub i c 1 3 2 5 . 0 8 3 2 5 . 0 8 2 . 2 2 N .S .
Quar t i c 1 10 ,76 1 0 . 7 6 -07 N .S .
E r r o r  A
(S u b je c t  x C o n d i t i o n ) 104 1 5 , 2 1 9 .27 146 .34
Cond i t  i on x T i me 
( 1n t e r a c t  ion) 36 6 8 7 . 1  2 1 9 .0 9 1 .32 N .S .
Among Times 9 2 3 9 ,2 4 9 . 0 6 2 6 , 5 8 3 . 2 3 1 ,8 4 2 . 2 2 . 0 1
L 1 near 1 2 1 8 , 0 1 0 . 5 2 2 1 8 , 0 1 0 . 5 2 1 5 , 1 0 8 .1 4 . 0 1
Q uadrat  Ic 1 1 5 . 7 7 3 . 6 9 1 5 , 7 7 3 . 6 9 1 ,09 3 .1  2 . 0 1
Cub i c 1 4 , 6 6 1 . 9 9 4 , 6 6 1 . 9 9 3 2 3 .0 8 . 0 1
Quar t i  c t 7 2 6 .3 8 7 2 6 . 3 8 5 0 .3 4 . 0 1
E r r o r  B 1 .1 7 0 1 6 . 8 7 7 .7 2 14 .43
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FIGURE 2
THE REGRESSION LINE FOR HEAN PULSE RATE DURING 
A TEN MINUTE RECOVERY PERIOD AT FIVE 
CONDITIONS OF BODY WEIGHT
The F - r a t i o  ob ta ined  for  the l i n e a r  t rend was 2 h .6 5 .  The 
l i n e a r  t rend  was s i g n i f i c a n t  a t  the .01 leve l  of  con f idenc e .  The 
c u b ic ,  q u a d r a t ic  and q u a r t i c  F - r a t i o s  were 2 . 2 2 ,  2 .5 1 •  and .073.  
r e s p e c t i v e l y .  These F - r a t i o s  were not s i g n i f i c a n t .
The s i g n i f i c a n t  l i n e a r  t rend  in d ic a te d  a s t r a i g h t  l i n e  
r e l a t i o n s h i p  between the mean pulse r a t e  fo r  a l l  twenty-seven sub jec ts  
dur ing  the e n t i r e  recovery  p e r io d  and the body w e ight  c o n d i t io n .  As 
the body w e ight  increased from normal w e ight  minus 3 p e rce n t  to  normal 
weight  p lus 3 p ercen t  the mean pulse r a t e  decreased .  This l i n e a r  
t rend was s i g n i f i c a n t  a t  the .01 leve l  o f  c o n f id en c e .  There were no 
s i g n i f i c a n t  d e v ia t io n s  from the l i n e a r  t re n d .
Orthogonal comparisons were aga in  u t i l i z e d  to ana lyze  the 
n atu re  o f  the re g re s s io n  l i n e  between the mean recovery pu lse  ra tes  
and each minute  of  the recovery  p e r i o d .  (See Table  V I ,  page *+3.)
The re g re s s io n  l i n e  was g r a p h i c a l l y  i l l u s t r a t e d  in F igure  3 .  The 
c h a r t  i l l u s t r a t e s  the d e c l i n e  in mean pulse r a t e  as the recovery  
p e r io d  progressed from minute one to  minute ten .
The F - r a t i o  o b ta in ed  fo r  the l i n e a r  t re n d  was 1 5 , 1 0 8 . lU .  This  
F - r a t i o  was s i g n i f i c a n t  a t  the .01 leve l  o f  c o n f id e n c e .  The F - r a t i o  
computed f o r  the q u a d r a t ic  t rend  was 1 , 0 9 3 . 1 2 .  This F - r a t i o  was 
s i g n i f i c a n t  a t  the .01 le v e l  of c o n f id e n c e .  The F - r a t i o  computed 
fo r  the cub ic  t rend  was 3 2 3 .0 8 .  This was s i g n i f i c a n t  a t  the ,01 
l e v e l  of c o n f id e n c e .
The 1 ir.ear t rend  was found to  make up the l a r g e s t  percentage
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1o f  the t o t a l  d i f f e r e n c e .  T h e r e fo r e ,  t h i s  t re n d  in d ic a t e d  a r e g r e s s io n  
l i n e  p r i m a r i l y  l i n e a r  in  n a tu re  but w i t h  some d e v i a t i o n s  from l i n e a r ­
i t y .  One reason f o r  the s i g n i f i c a n t  c u b ic ,  q u a d r a t i c  and q u a r t i c  
t rends  was the f a c t  t h a t  the E r r o r  term (1U.U3)  was so s m a l l .
The l i n e a r  r e g r e s s io n  l i n e  (w i th  some d e v i a t i o n s  from 
l i n e a r i t y )  i n d i c a t e d  t h a t  as the recovery  p e r io d  progressed from 
minute  one to  m inute  ten  the mean pu lse  r a t e s  decreased .  Th is  was 
t r u e  under a l l  f i v e  c o n d i t io n s  o f  body w e ig h t .
CHAPTER V
SUMMARY, FINDINGS, DISCUSSION, CONCLUSIONS,
AND RECOMMENDATIONS FOR 
FURTHER STUDY
SUMMARY
I t  was the p r im a ry  purpose o f  the study to i n v e s t i g a t e  the 
e f f e c t s  o f  the r e d u c t io n  o f  body w e ig h t  by means o f  thermal dehydra­
t io n  in amounts o f  1^ p e rc e n t  and 3 p e rc e n t  o f  t o t a l  body w e ig h t  on 
h e a r t  r a t e  dur in g  e x e r c i s e  and recovery  p e r io d s *  Secondly ,  the study  
sought t o  de term ine  the e f f e c t s  o f  p h y s ic a l  a d d i t i o n  o f  lead  w eights  
equal  to l i  p e rc e n t  and 3 p e rc e n t  o f  t o t a l  body w e ig h t  on h e a r t  r a t e  
du r in g  e x e r c i s e  and reco v ery  p e r i o d s .
The s u b je c ts  u t i l i z e d  in the s tudy were tw en ty -sev en  male 
s tu d en ts  rang ing  in  age from n in e t e e n  to  t w e n t y - s i x  years  from  
L o u is ia n a  S t a t e  U n i v e r s i t y  a t  A l e x a n d r i a ,  L o u is i a n a .  The da ta  were 
c o l l e c t e d  dur in g  November, December and January o f  1970-71 a t  
L o u is ia n a  S t a t e  U n i v e r s i t y  a t  A l e x a n d r i a ,  L o u is ia n a  and a t  L o u is ia n a  
C o l l e g e ,  P i n e v i l l e ,  L o u i s i a n a .
Each s u b je c t  was g iv e n  an o r i e n t a t i o n  sess ion  a t  which t ime  
he p r a c t i c e d  the s te p  t e s t ,  examined the s o l i d  w i r e  E and M c a r d i o -  
taehometer  and e n te r e d  the sauna bath  f o r  a s h o r t  p e r i o d .
The study was d i v i d e d  I n t o  an e x e r c i s e  and a recovery  p e r i o d .
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Thu exert  ise p e r io d  eons is ted of  s tepping up and down onto the step  
te s t  bench u n t i l  a h e a r t  r a te  of  180 beats  per mi nute was recorded on 
the ca rd io ta c h o m e te r .
The recovery  p e r io d  was o f  ten minutes d u r a t io n  and began 
immediately  a f t e r  the h e a r t  r a te  o f  the su b je c t  reached 180 beats per  
m in ute .  The su b jec t  was seated and remained i n a c t i v e  f o r  the e n t i r e  
recovery  p e r i o d .  The h e a r t  r a t e  during t h is  t ime was monitored by 
means of the c a r d io t a c h o m e te r . The h e a r t  r a t e  as in d ic a te d  by the  
card  Iotachometer  was recorded a t  the end o f  each m in u te .
The study was a ls o  d iv id e d  i n t o  f i v e  c o n d i t io n s  based on v a r i a ­
t ion s  of body w e ig h t .  Each s u b je c t  p a r t i c i p a t e d  in both the e x e r c is e  
and the recovery  per iods  under each o f  the f i v e  c o n d i t io n s .  Each 
su b je c t  was te s te d  in a random order  o f  weight  c o n d i t io n s  in o rder  to  
avo id  a t r a i n i n g  e f f e c t  from in f lu e n c in g  the r e s u l t s  of  the s tudy .  The 
cond i t i ons w e re ;
1. Normal body weight  minus 3 p e r c e n t .
2 .  Normal body w e ight  minus 1.5  p e r c e n t .
3 .  Normal body w e ig h t .
Normal body w e ight  p lus 1 .5  p e r c e n t .
5 .  Normal body w e ight  p lus 3 p e r c e n t .
Normal body w e ight  was e s t a b l i s h e d  over a two-week p e r io d  
p r i o r  to the s u b j e c t ' s  p a r t i c i p a t i o n  in  the s tu d y .  The body weight  
was decreased by means o f  p e r s p i r a t i o n  caused by a dry heat  room or
sauna bath fo r  the two reduced body w e ight  c o n d i t io n s .  The increases
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in body w e ight  were made by p h y s i c a l l y  adding w e ight  in the form of  a 
weight  b e l t  around the w a is t  of  the s u b je c t .
The c o n d i t io n s  were a d m in is te re d  on a l t e r n a t e  days in o rd er  to  
p rov ide  a day of  r e s t  between each one. This was done in an a t tem pt  
to  avo id  one c o n d i t io n  from in f lu e n c in g  the succeeding c o n d i t io n .
An a n a ly s is  o f  va r ia n c e  was made to  determ ine  the e f f e c t s  o f  
body weight  v a r i a t i o n s  on the amount o f  t ime r e q u i r e d  to  produce a 
h e a r t  r a t e  o f  180 beats  per  minute dur ing  a s tandard  e x e r c i s e .  The 
a n a ly s is  o f  va r ia n c e  u t i l i z e d  a randomized b lo ck  des ign blocked on 
each of  the twenty-seven s u b je c t s .  Orthogonal comparisons were used 
to  determine the n a tu re  of the reg res s io n  l i n e  between the t ime r e q u i r ­
ed to  produce a h e a r t  r a t e  of  180 beats per minute  during e x e r c is e  and 
body w e ig h t .
A randomized b lock  des ign was a ls o  fo l lo w e d  in  computing an 
a n a ly s is  o f  va r ia n c e  to  determ ine  whether  or not s i g n i f i c a n t  d i f f e r ­
ences e x i s t e d  among f i v e  c o n d i t io n s  of  body w e ight  In the recovery  
h e a r t  r a t e  p a t t e r n s .  The a n a ly s is  of  v a r ia n c e  used was a 5 x 10 
s p l i t - p l o t  des ign w i t h  f i v e  c o n d i t io n s  o f  w e ight  as whole p lo ts  and 
ten measures of  recovery  h e a r t  r a t e s .
Orthogonal comparisons were used to  determ ine  the n a tu re  of  
the reg res s io n  l i n e  between the mean pu lse  r a t e  f o r  a l l  sub jec ts  
dur ing  the recovery  p e r io d  and the body weight  c o n d i t i o n .  Orthogonal  
comparisons were a l s o  computed to  determine the n a tu re  o f  the  
re g re s s io n  l i n e  between the mean pulse  r a t e s  and the minute o f  the  
recovery  p e r io d .
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FINDINGS
The f in d in g s  o f  the study were as fo l lo w s :
1 . The t ime needed to  produce a h e a r t  r a t e  o f  180 beats  per 
minute decreased as the body w e ight  increased from normal 
w eig h t  minus 3 p e rce n t  to  normal w e ight  plus 3 pe rce n t .
The t rend  was p r i m a r i l y  l i n e a r  w i th  some d e v ia t io n s  from 
l i n e a r i t y  around the c o n d i t io n  o f  normal body w e ig h t .
2 .  The mean pulse r a t e  dur ing recovery  from the s tandard  
e x e r c is e  decreased as the w e ight  o f  the su b jec t  increased  
between the l i m i t s  o f  normal w e ight  minus 3 percent  to  
normal weight  p lus 3 p e r c e n t .  The t rend  was l i n e a r  in 
n a t u r e .
3.  No s i g n i f i c a n t  i n t e r a c t i o n  was found to  e x i s t  between the 
brdy weight  c o n d i t io n  and the recovery h e a r t  r a t e  p a t t e r n .
k . The mean pulse r a t e  dur ing recovery decreased as the
recovery  p e r io d  progressed from minute  one to  minute te n .  
The t rend  was p r i m a r i l y  l i n e a r  w i th  some d e v ia t io n s  from 
l i n e a r i t y .  This t rend  e x i s t e d  regard less  o f  the body 
w eig h t  c o n d i t i o n .
DISCUSSION OF FINDINGS
The f in d in g s  o f  t h is  study in d ic a t e d  t h a t  as the weight  o f  
the su b jec t  decreased from 3 percent  over  n o rm a ) weight  to  3 percent  
below normal w e ight  the s u b je c t  cou ld  per form  a standard  e x e r c is e
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longer be fo re  a hea r t  r a t e  o f  180 beats per  minute  was produced.  This 
was expected because the su b jec t  a t  the l i g h t e r  body w e ight  c o n d i t io n s  
performed less ac tua l  work dur ing  a g iv e n  t ime than d id  the same 
su b je c t  a t  the h e a v ie r  body w e ight  c o n d i t io n s .  This statement was 
made assuming the work r e f e r r e d  to  was the s tandard  step e x e r c is e  and 
th a t  a l l  o th e r  f a c t o r s  were e q u a l .
The t rend  o f  decreasing e x e r c is e  t ime w i th  in creas ing  weight  
was p r i m a r i l y  l i n e a r  in n a tu r e .  Some d e v ia t io n s  from l i n e a r i t y  were  
noted around normal body w e ig h t .  The c o n d i t io n s  o f  normal weight  
plus 3 percent  and norma) w e ight  minus 3 p ercen t  caused the g r e a t e s t  
changes in e x e r c is e  t ime re q u i re d  to  produce a h e a r t  r a te  o f  180. I t  
was f e l t  by the au thor  th a t  even l a r g e r  v a r i a t i o n s  in  body weight  
might  f o l l o w  the same l i n e a r  t re n d .  However, t h i s  was not a t tempted  
in th i s s tudy .
The mean pu lse  r a t e  f o r  the ten minute recovery  p e r io d  
decreased as the c o n d i t io n  o f  body w e ig h t  increased between the 
in d ic a te d  l i m i t s  (normal w e ight  p lus  3 p ercen t  and normal w e ight  
minus 3 p e r c e n t ) .  Due to  the na ture  o f  the exper im ent  the cause of  
t h is  d i f f e r e n c e  cou ld  not  be e x a c t ly  d e te rm in ed .  The d i f f e r e n c e  could  
have been caused by the length  of  the e x e r c is e  t im e,  In  t h a t  the  
longer  per iods  o f  e x e r c is e  r e q u i r e d  to  a t t a i n  a 18 0  beats per  minute  
h e a r t  r a t e  produced s i g n i f i c a n t l y  h ig h er  mean recovery  h e a r t  r a t e s .
However,  there  was a second f a c t o r  which may have c o n t r ib u t e d  
to  the d i f f e r e n c e  in  mean recovery  h e a r t  r a t e s .  The sub jec t  was
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dehydrated by means of  a dry hea t  room be fore  being e x e r c is e d  under  
the two c o n d i t io n s  o f  reduced body w e ig h t .  The e f f e c t  o f  the 
d eh yd ra t io n  may have produced the h ig h e r  mean recovery pu lse  r a t e  
under the two reduced c o n d i t io n s  of body weight  r a t h e r  than the 
length  of  the e x e r c is e  t im e .  This  could  not have accounted f o r  the  
d i f f e r e n c e s  in mean recovery h e a r t  r a t e  found through the c o n d i t io n s  
o f  added w e ig h t ,  however.
The n o n - s i g n i f i c a n t  i n t e r a c t i o n  between body w e ight  and the 
recovery  h e a r t  r a t e  p a t t e r n  was i n t e r p r e t e d  to  mean t h a t  the trend  
or  p a t t e r n  o f  recovery  h e a r t  r a t e  remained u n i fo rm  through a l l  f i v e  
c o n d i t io n s  o f  body w e ig h t .
The s i g n i f i c a n t  d i f f e r e n c e  in the mean pu lse  r a te  a t  each 
minute of  the ten minute  recovery  p e r io d  was exp ec ted .  Orthogonal  
comparisons in d ic a t e d  a p r i m a r i l y  l i n e a r  t rend  o f  decreasing pulse  
ra tes  as the recovery t ime progressed from minute  one to  minute ten .  
Furtherm ore ,  the f i n d i n g  of  d e v ia t io n s  from exa c t  l i n e a r i t y  was in  
keeping w i th  the n a tu re  o f  h e a r t  r a t e  recovery from a high ra te  (180)  
to  a low r a t e  s ince  I t  has been w e l l  e s t a b l i s h e d  th a t  the h e a r t  r a t e  
drops more in  the f i r s t  few minutes o f  recovery  than in l a t e r  t ime  
per i o d s .
CONCLUSIONS
W i t h i n  the l i m i t s  o f  t h i s  s tudy ,  the fo l lo w in g  conclus ions  
were drawn:
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1 , Weight  loss induced by p a r t i a l  dehydr at ion  in amounts of  
3 percent  or less o f  normal body we ight  is an advantage  
in a c t i v i t i e s  invo l v ing  c a r d i o r e s p i r a t o r y  endurance.
2 .  A d d i t i o n a l  body weight  in amounts of  up to 3 percent  of  
normal body weight  is a disadvantage in a c t i v i t i e s  
i nvo l v ing  c a r d i o r e s p i r a t o r y  endurance.
3.  P a r t i a l  dehydr at ion  in amounts of  3 percent  or less of
normal body weight  has no e f f e c t  on the p a t t e r n  of  recovery
hear t r a t e .
U . A d d i t i o n a l  body weight  in amounts of  up to 3 per cent  of
normal body weight  has no e f f e c t  on the p a t t e r n  of  recovery
hear t  r a t e .
RECOMMENDATIONS FOR FURTHER STUDY
One of  the d e l i m i t a t i o n s  of  the study s t a t e d  the reduct i ons  in 
body weight  were to be p hy s i o l o g i c a l  ( thermal  dehydr a t ion )  and the 
increases in body weight  were to be mechanical  ( a d d i t i o n  o f  lead  
weights  to a b e l t  around the s u b j e c t ) .  In view o f  t h is  d e l i m i t a t i o n ,  
more study should be conducted using a p h y s i o lo g i c a l  method of  
i nc reasi  ng body we i gh t .
A second recommendation was t h a t  a s i m i l a r  study be conducted 
which would u t i l i z e  weight  v a r i a t i o n s  beyond the l i mi t s  (normal weight  
Pi us and minus 3 p e r ce nt )  imposed in t h i s  s tudy .
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APPEN DIX  A
SUBJECT WEIGHT AND THE EXERCISE TIHE REQUIRED 
TO PRODUCE A HEART RATE OF 180 AT FIVE 
BODY WEIGHT CONDITIONS
Subject Normal Weight Time a t Time a t Time a t Time a t Time a t
Number (Pounds) -3% -1±% Normal 
We igh t
+ l i% + 3%
1 159 86 92 81 71 59
2 1 73 159 160 165 1 5 6 160
3 161 131 120 121 119 90
4 165 1 00 102 95 91 90
5 163 116 100 100 91 80
6 160 1 10 105 100 90 88
7 162 122 110 1 1 5 1 12 95
8 163 120 127 1 2 9 125 103
9 158 1 22 119 1 0 8 100 88
1 0 160 120 115 1 10 lot 90
1 1 151 129 1 20 131 121 109
1 2 17^ 245 207 1 9 6 1 8 6 175
13 153 1 92 188 191 I 8 0 1 5 0
14 155 216 103 191 182 171
15 158 228 1 92 181 171 160
16 148 70 67 58 50 38
1 7 158 247 191 187 180 139
18 160 225 185 185 174 150
19 165 155 1^5 141 1 1 8 102
20 172 105 96 95 81 85
21 149 88 95 95 89 84
22 167 190 175 170 162 125
23 175 241 197 1 92 185 141
24 140 115 112 108 1 04 87
25 168 88 89 90 86 80
26 165 95 1 20 118 118 100
27 151 _  1 3 1 .  _ .  LZ1_ _  l i t . ' 7 0 1 5 3
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A PP EN D IX  B
HEART RATE DURING RECOVERY AT THE FIVE 
BODY WEIGHT CONDITIONS
Subject  1 
Weight  C o nd i t ion  
Recovery Time Normal
(M i nu tes J -3% - l i % We Iq h t + l±% + 3%
1 1 3 0 135 130 130 130
2 125 125 125 1 15 1 2 5
3 1 20 1 20 110 105 115
6 100 120 too 100 I 10
5 100 100 100 90 100
6 95 95 99 90 90
7 95 90 95 85 90
8 95 85 85 85 85
9 90 85 85 85 85
10
if\
00 80 85 80 80
S u b jec t  2
1 125 125 120 1 20 120
2 1 10 115 105 1 10 105
3 105 105 100 100 1 00
A 100 1 00 100 95 100
5 100 95 100 95 95
6 95 95 95 95 95
7 90 95 90 90 90
8 85 90 85 85 85
9 85 85 80 80 85
10 80 80 75 Z5_ 80
S u b jec t  3
1 125 130 135 135 130
2 n o 120 120 125 110
3 100 105 1 10 105 105
0 95 100 100 105 105
5 95 95 100 100 100
6 85 85 95 95 95
7 80 80 90 95 90
8 85 75 85 95 90
9 80 75 85 90 85
10 . 75 7? _  85  _ 8o
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Subject  4 '
We ig h t  Cond i t  i on
Recovery Time 
(Mi nu tes) -3% -1±%
Normal 
We i q h t + !±% +3%
1 150 140 1 3 0 1 3 0 125
2 1 20 130 115 105 115
3 105 120 105 95 110
4 100 105 100 95 1 00
5 100 100 100 95 95
6 95 100 90 85 85
7 100 95 90 85 85
8 100 90 85 80 80
9 100 90 8 0 80 80
10 100 85 75 _ 75 80
Sub ject  5
1 130 125 125 125 1 20
2 115 110 105 105 1 10
3 1 00 105 100 100 too
4 100 100 90 95 90
5 90 100 90 90 85
6 90 90 90 85 85
7 85 90 85 80 85
8 80 85 80 8 0 80
9 80 80 75 75 8 0
10 75 75 70 70 70
Sub ject  6
1 140 135 130 125 1 20
2 130 1 20 120 110 1 lu
3 120 105 105 100 100
4 105 100 100 100 100
5 95 1 00 90 90 100
6 95 100 90 85 85
7 95 95 85 85 85
8 85 90 85 80 8 0
9 85 90 80 75 75
10 80 8? 75 70 75
APPE NDIX 6 (con t i nued)
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Subject  7 
We igh t  Cond11 i on
Recovery Time 
(Mi nutes ) -3% -1^%
Normal
Weight + 1*% +3%
1 135 1 i+0 l*+5 IU0 ti+0
2 125 130 130 125 130
3 115 120 120 115 115
i* 110 1 10 115 115 1 1 0
5 110 1 10 115 115 105
6 110 105 110 105 105
7 100 100 110 100 105
8 100 1 00 105 100 100
9 100 95 95 100 100
10 95 95 95 95 95
Sub ject  8
1 130 125 130 135 125
2 1 20 115 120 120 115
3 1 20 110 115 115 110
*+ 1 10 100 105 1 10 100
5 100 100 100 100 100
6 95 95 100 95 95
7 90 90 95 90 90
8 85 85 90 85 85
9 80 80 80 85 80
10 75 80 80 80 80
S ubject  9
1 135 1 5 0 135 135 130
2 120 125 125 115 105
3 1 to 1 20 1 10 110 100
105 110 110 105 100
5 100 105 105 105 100
6 100 105 105 95 95
7 90 105 105 95 90
8 90 100 100 90 90
9 85 100 100 90 90
10 85 _ 95 _____90 _ 85
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Recove ry T i me 
(Mi nu tes ) -3%
S u b jec t  10 
We i ght  Condit  i on 
Normal 
- l i %  Weight + i i% +3%
I 130 130 135 130 1 3 0
2 130 130 120 120 125
3 130 120 110 115 115
i+ 1 20 1 15 11 0 115 115
5 115 115 105 110 105
6 120 110 105 11 0 100
7 115 1 10 100 105 100
8 115 1 10 1 00 1 00 100
9 110 too 100 100 95
10 100 1 00 95 95_ 95
S u b jec t  11
1 125 130 125 125 125
2 120 120 110 115 115
3 105 105 110 100 105
k 105 100 100 100 100
5 100 100 100 95 95
6 1 00 95 100 95 95
7 95 95 95 95 95
8 90 90 95 90 90
9 90 90 95 90 90
10 35 90 90 90 90
S u b jec t  12
1 125 125 125 125 115
2 110 110 110 110 105
3 105 105 105 100 100
U 100 95 100 95 100
5 100 96 100 95 95
b 90 90 95 85 90
7 90 90 95 85 85
8 85 85 85 80 85
9 80 80 80 80 80
10 80 80 80 80 80
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APPENDIX B (co n tin u ed )
Recovery Time 
(M t nu tes ) -3%
S u b jec t  13 
Weight  C o n d i t io n  
Normal 
-1 Weiqbt ♦  1 f t +3%
1 125 125 120 120 120
2 115 1 05 105 105 105
3 1 00 105 100 100 1 00
100 1 00 95 100 95
5 95 1 00 95 95 90
6 95 100 90 90 90
7 95 90 90 90 90
8 90 90 90 85 85
9 90 85 85 80 80
10 85 85 80 80 80
S u b jec t  lU
1 125 125 125 125 1 20
2 1 10 115 HO 105 105
3 105 105 100 100 1 00
(+ too 1 00 100 95 95
5 1 00 95 95 90 90
6 95 95 90 85 85
7 90 90 85 85 8 0
8 85 85 8 0 85 80
9 8 0 80 80 8 0 80
10 80 80 80 75 75
S u b jec t  '5
1 125 125 125 125 115
2 110 1 10 110 110 105
3 105 105 105 100 1 00
t* 100 95 100 95 95
5 ioo 95 100 95 90
6 100 90 95 85 90
7 90 90 90 80 85
8 90 85 85 85 85
9 85 80 8 0 85 80
10 85 85 80 80 80
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Recovery Time 
(Hi nutes) -3%
Subject  16 
Weight Condi t io n  
Normal 
-1^% Weight + i i%_ +3%
1 i4o 155 140 140 135
2 135 130 120 1 20 1 10
3 120 1 20 115 115 1 00
4 n o 115 115 1 10 100
5 100 1 20 110 1 10 95
6 100 115 110 100 9 0
7 95 115 110 100 9 0
8 95 1 10 1 0 5 95 9 0
9 90 105 105 95 85
1 0 90 105 95 95 85
Sub jec t  17
) 130 130 125 1 2 5 1 20
2 1)5 120 105 1 1 0 110
3 110 1 10 100 1 0 0 95
4 1 10 100 95 90 8 0
5 100 90 90 90 80
6 95 90 90 8 5 8 0
7 90 90 85 80 80
8 90 85 85 8 0 75
9 85 85 80 75 75
10 80 80 85 75 75
Subject  18
t 130 135 140 125 125
2 100 115 110 1 1 0 105
3 95 105 105 1 1 0 too
4 95 100 105 1 0 5 95
5 95 100 105 105 95
6 95 100 100 100 1 00
7 95 100 100 100 100
8 90 95 100 100 100
9 90 95 100 100 95
10 3° _ ?0 . 100 *  . 95
A P P E N D IX  B ( c o n t i n u e d )
68
Recovery Time 
(M i nutes ) -3%
S u b je c t  19 
We 1ght  Cond i t i on 
Normal 
-1±% Weight + l i% +3%
t 165 165 165 1 6 0 1 6 0
2 160 1 3 0 135 1 3 0 1 3 0
3 1 3 0 130 125 125 1 2 0
6 1 2 0 125 125 125 1 2 0
5 115 1 2 0 115 1 2 0 115
6 115 1 1 0 1 1 0 1 1 0 115
7 115 1 1 0 1 1 0 1 1 0 115
8 1 to 1 1 0 1 1 0 1 1 0 105
9 105 1 1 0 105 105 1 1 0
1 0 105 105 1 0 0 1 0 0 1 0 0
S u b je c t  20
1 1 3 0 1 6 0 1 3 0 125 ' 2 0
2 1 1 0 1 3 0 115 1 0 0 115
3 1 0 0 1 2 0 1 0 0 90 1 0 0
6 1 0 0 105 1 0 0 85 95
5 95 1 0 0 90 8 0 90
6 90 1 0 0 90 75 8 0
7 85 95 85 75 8 0
8 75 95 8 0 75 75
9 75 90 8 o 70 75
1 0 75 9 0 75 _ 70 75
S u b je c t  21
1 1 3 0 130 1 3 0 125 125
2 115 115 115 105 1 1 0
3 105 1 05 105 too 105
i+ 105 105 1 0 0 90 1 0 0
5 1 0 0 1 0 0 1 0 0 90 1 0 0
6 95 1 0 0 95 90 90
7 95 90 95 90 85
8 90 90 85 85 85
9 85 85 85 85 8 0
1 0 85 80 80 8 0 8 0
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Recovery Time 
(Mi nu t e s ) -3%
Subject  22 
We i ght  Condi t i on 
Normal 
-1±% Weiqht + li% +3%
1 135 135 125 1 3 0 1 3 0
2 130 125 1 2 0 1 2 0 125
3 1 3 0 1 2 0 1 1 0 105 1 1 0
6 1 2 0 115 1 1 0 105 11 0
5 115 105 1 1 0 1 10 105
6 1 2 0 1 0 0 105 1 0 0 105
7 115 too 1 0 0 1 0 0 1 0 0
8 1 10 95 95 95 90
9 1 0 0 95 95 95 90
10 95 90 00 \J\ 85 85
Sub ject  23
1 1 3 0 1 3 0 125 125 120
2 115 1 2 0 1 1 0 1 1 0 n o
3 105 115 105 1 0 0 95
b 105 1 05 1 0 0 95 85
5 1 0 0 1 0 0 90 90 8 0
6 95 90 90 90 8 0
7 90 90 90 85 75
8 95 90 85 85 75
9 85 85 85 80 75
10 8 0 8 0 80 75 _ 75
S u b jec t  2b
t 1 2 0 1 3 0 1 6 0 135 1 3i>
2 1 0 0 1 2 0 1 2 0 1 2 0 125
3 1 0 0 105 n o 105 1 1 0
b 90 1 0 0 1 0 0 105 105
5 85 90 1 0 0 105 1 0 0
6 8o 85 100 95 1 0 0
7 75 8 0 95 95 1 0 0
8 75 75 95 95 95
9 75 75 95 95 95
10 75 7 5 .  . 3 5 90 - .25
I
2
3
k
a**
6
7
8
9
_0
I
2
3
5
6
7
8
9
_u
l
2
3
if
5
6
7
8
9
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Subject  25 
Weight  Condi t io n
' } % - l i %
Normal 
We i q h t + l i% *1 %
135 130 130 125 125
1 20 120 120 120 1 20
1 15 115 115 105 105
1 05 110 105 105 105
105 105 105 too 100
100 100 105 100 100
95 95 100 95 95
95 95 100 95 95
85 90 95 90 90
85 85 85 90 85
S u b jec t  26
130 125 125 125 125
l 10 105 1 10 110 105
105 100 100 100 100
100 100 95 95 95
100 95 95 95 95
95 90 90 90 90
90 85 90 90 90
85 85 85 80 85
85 80 85 80 85
8 0 . . _ _ Z 5 . „ _ 80 75 -75—
Subject  27
1 25 1 20 1 20 120 120
105 105 105 105 105
1 00 100 100 105 100
95 100 100 100 95
95 95 95 95 95
90 95 95 95 90
90 90 90 90 90
85 85 85 85 85
85 85 80 85 85
8? 8 0 80 8 0 80
APPENDIX C
RECOVERY HEART RATE TABLE
Body Weight Condit ion
Minute o f  
Recovery - 1 J * Normal + 1 & +3%
Time
Mean
1 130.93 132.22 130 128.33 125.37 129.37
2 117.22 119.07 115.37 113.15 113.15 115.59
3 109.63 111.11 107.22 104.44 104.26 107.33
4 103.89 104.26 102.78 101 .11 100.00 102.41
5 100.19 100.93 100.37 98.15 95.93 99.11
6 97.41 97.22 97.37 92.96 92.59 35.51
7 93.70 94.26 94.44 90.93 90.56 92.78
8 90.93 90.93 90.56 88.33 87.22 89 .59
9 87 .59 87.96 87.78 86.30 85.37 87
10 84.82 85.37 84,44 82 .59 82.59 83.96
Condi t i  on Mean 101.63 102.33
oo
98.63 97-70 100.27
Grand Recovery 
Mean
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